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EDITORIAL NOTE. 


This Monograph on Deep-Sea Deposits forms the penultimate volume of the 
Official Reports on the Scientific Results of the Challenger Expedition. 

The work connected with the examination and study of the samples of 
Deep-Sea Deposits, and the preparation of this Report for the press, have 
occupied a very large part of my time and attention for nearly twenty 
years, and my colleague, Professor A. F. Renard, has also given much of his 
time to the same studies during the past fourteen years. We hope the 
completed work may be regarded as an interesting contribution to our 
knowledge of the ocean, and prove useful to a large number of scientific 
men, as it is the first attempt to deal systematically with Deep-Sea Deposits, 
and the Geology of the sea-bed throughout the whole extent of the ocean. 

There are three Appendices to the volume, — the first containing an 
explanation of the Charts and Diagrams ; the second a Report on the 
Analysis of Manganese Nodules, by John Gibson, Ph.D., of Edinburgh 
University ; and the third Analyses of Deposits and materials from the 
Deposits, by various Analysts. 

The final volume of the Challenger Reports will give a detailed list of 
the organisms procured at each of the Observing Stations, together with 
other summary matter dealing with general questions of Oceanography, and 
will in all probability be published during the course of next year. 

John Murray. 


Challenger Office, 45 Frederick Street, 
Edinburgh, November 4, 1891. 
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PREFACE. 


During the Voyage of the Challenger, the collection, examination, and 
preservation of all the samples of deposits were undertaken by Mr. , Murray. 
Mr. Murray had also charge of all the work carried on by means of tow- 
nets in the surface and sub-surface waters of the ocean, and gave much 
attention to the part played by pelagic organisms in the formation of marine 
deposits. During the voyage he submitted the results of his work in this 
direction to Sir Wyville Thomson, and the results are referred to in several 
of the Reports of Sir 'Wyville to the Hydrographer of the Admiralty, 
published in the Proceedings of the Royal Society of London. 1 

Towards the close of the Cruise a Preliminary Report was prepared by 
Mr. Murray on the Deposits and Surface Organisms, and published in the 
Proceedings of the Royal Society of London. 2 

On the return of the Expedition to England, Mr. Murray continued the 
examination of the large collections that were brought home, and published 
some papers dealing with the results of his work. 3 

In the year 1878 Professor Renard was invited by Sir Wyville Thomson 
to assist Mr. Murray in the examination and description of the Challenger 
collection of marine deposits, especially with reference to the mineralogical 
and petrographical aspects of the subject. Subsequently it was arranged 
that a Report on . all available samples of Deep-Sea Deposits, whether 
collected by the Challenger or otherwise, should be published conjointly by 
Mr. Murray and Professor Renard. 

During the years 1881 and 1882 Professor Renard spent several months 
in Edinburgh, when a large number of the deposits in the collection were 
examined in great detail, and the methods of examination and the order of 

1 See Proc. Roy. Soc ., voL xxii. p. 423; vol. xxiii. pp. 32 and 245; vol. xxiv. pp. 33, 463, and 623. 

8 Proc. Roy. Soc ., vol. xxiv. pp. 471-544, 1876. 

8 “ On the Distribution of Volcanic Debris over the Floor of the Ocean,” &c., Proc. Roy. Soc. Edin., vol. ix. pp. 
247-261, 1876; “On the Structure and Origin of Coral Eeefs and Islands, ibid., vol. x. pp. 505-518, 1880. 
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the proposed publication were arranged. For the past ten years the work 
has been continuously carried on, and in the interval we have published 
preliminary papers dealing with our results. 1 

At the outset it was proposed to give a detailed description of every 
sample of deposit from depths greater than 100 fathoms, together with all 
that was known of the physical and biological conditions of the waters at 
the Stations from which the specimens were obtained. Nearly all the 
Challenger samples, and a very large number of samples collected by other 
Expeditions, were in fact thus examined and largely prepared for publi- 
cation, with names of the species of organisms and all other particulars. It, 
however, became necessary to curtail the descriptions, and to limit them to 
the Challenger collections, so that the work ultimately assumed its present 
form. 

The details with reference to the various samples of deposits collected by 
the Expedition are presented in tabular form in Chapter II. The more general 
conclusions and descriptions are given in a series of chapters dealing with 
the composition and distribution of the different types of deposits, and in the 
preparation of these chapters we have made use of all the materials in our 
possession. Professor Renard thinks it should be stated that Chapter IV., 
dealing with the materials of organic origin, has been written wholly by 
Mr. Murray. 

We are much indebted to our friends, Sir William Turner and Mr. Robert 
Irvine, for reading different portions of the proofs, and giving us the benefit 
of their suggestions, and we have to thank the various analysts and other 
scientific men for valuable hints during the progress of the work. We desire 
to acknowledge our indebtedness to all those assistants who have aided 
us in the practical examination of the deposits, especially to Mr. Frederick 
Pearcey, who accompanied the Expedition and was afterwards assistant in 
the Challenger Office, and to Mr. James Chumley, who not only helped in 
the practical examination of the specimens, but has also rendered great 
assistance in the preparation of this volume for the press. 

1 “On the Microscopic Characters of Volcanic Ashes and Cosmic Dust, and their Distribution in Deep-Sen 
Deposits,” Proc . Boy. Soc. JEdin., vol. xii. pp. 474-495, 1884; “On the Nomenclature, Origin, and Distribution of Deep- 
Sea Deposits,” ibid.) pp. 495-529. 
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INTRODUCTION. 


All the notions concerning the sea among ancient peoples "were vague and elementary ; 
the few facts known with reference to the phenomena of the ocean were limited to mari- 
time nations like the Phoenicians. Among the learned men of antiquity two doctrines 
may be said to have prevailed with reference to the distribution of land and water. 
What may be called the Homeric School — to which Eratosthenes 1 and Strabo 2 belonged 
— held that the three continents of the old world formed a single island surrounded by 
the ocean. On the other hand, what may be called the Ptolemaic School regarded the 
Atlantic and Indian Oceans as enclosed seas like the Mediterranean, and maintained that 
the east and west points of the known world approached each other so closely that, sail- 
ing west from Spain, a ship might easily reach the eastern extremity. Thanks to 
the influence of Ptolemy, 3 this mistaken notion was perpetuated, and led about fourteen 
centuries after his time to the discovery of America by Columbus. 

The ancients cannot be said to have had any' definite conceptions of the deep sea. 
Experienced mariners, like the Phoenicians and Carthagenians, must necessarily have 
possessed some knowledge of the depths of the waters with which they were familiar, but 
this knowledge, whatever its extent, has been wholly lost. In the writings of Aristotle 4 
we meet with the first bathymetrical data. He states that the Black Sea has whirlpools 
so deep that the lead has never reached the bottom ; that the Black Sea is deeper than 
the Sea of Azov, that the iEgean is deeper than the Black Sea, and that the Tyrrhenian 
and Sardinian Seas are deeper than all the others. 5 

Polybius, 6 in estimating the time it would take for the Sea of Azov and Black Sea to 
be filled up by the alluvium brought down by the rivers flowing into them, states that 
the greater part of the Sea of Azov is only 5 to 7 fathoms in depth. Similar depths are 
shown on modern hydrographic charts. 7 

Posidonius 8 states that the sea about Sardinia had been sounded to a depth of 1000 
fathoms — the greatest depth that had ever been attained. 9 This is the first record of a 
deep-sea sounding, and it would have been interesting had the writer given some infor- 
mation as to the methods employed by the ancients in these bathymetrical measure- 

1 276-196 b.o. 2 Bom about 60 B.c. 8 Lived about the middle of the second century a.d. , 

* 384-322 B.O. • 6 Arist., Meteor, 114, § 29. 8 204-122 B.O. 7 Polyb., iv. 39-42. 

8 Born about 135 b.o. 9 Posidon. ap. Strab., i. 3, § 9, p. 54 ; see E. H. Bunbuty, History of Ancient Geography, 
vol ii. p. 98, London, 1883. ...... . 

(debp-sea deposits ohall. exp. — 1891 .) 
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ments ; before we meet with simil ar definite statements on deep-sea soundings centuries 
pass away. Plutarch 1 says : — “ The geometers think that no mountain exceeds 10 stadia 
(6067 feet) in height, and no sea 10 stadia in depth.” Cleomedes 2 says: — “Those who 
doubt the sphericity of the earth on account of the hollows of the sea and the elevation 
of the mountains are mistaken. There does not in fact exist a mountain higher than 
15 stadia (9107 feet), and that is also the depth of the ocean.” 

The documents of the Middle Ages relative to orography and bathymetry are 
indefinite and unimportant. The wide-spread opinion among sailors, that the greatest 
depth of the sea is found near the steepest coasts, appears to be very ancient, and is 
partly founded oh fact. Ibn Khaldoun, who, in the fourteenth century, wrote his famous 
history of the Berbers, remarks that if the highest mountains are situated hear the sea, it 
must be regarded as a providential arrangement to arrest the invasion of the ocean. 8 

Nicolaus Cusanus, who lived in the first half of the fifteenth century, invented an 
apparatus consisting of a hollow sphere, to which a weight was attached by means of a 
hook, intended to carry the sphere down through the water with a certain degree of 
velocity. On touching the ground the hook became detached, the weight remained 
at the bottom, the sphere ascended alone, and the depth was calculated by the time it 
took to return to the surface. 4 This apparatus was afterwards improved by Piichler, 
Alberti,® and Hooke,® but the various instruments produced were not satisfactory as 
regards sounding in the deep sea. ' 

Science, and in a special manner what may be called the Science of the Globe, plays 
a large part in the intellectual and moral changes which characterise the transitional 
period known as the Kenaissance. The thirty years from 1492 to 1522, through the 
discoveries of Columbus, Yasco di Gama, and Magellan, added a hemisphere to the 
chart of the world. Not only did these voyages double at a single bound all that 
was previously known of the surface of the earth, but by creating new ideas, enlarging 
the field of research, observations, and studies, they contributed more than anything 
else to the progress of the past four hundred years, and the rapid development of 
modern civilisation. The existence of the Antipodes, and the sphericity of the earth, 
were no longer scientific theories, but practically demonstrated facts ; the fundamental 
principles of all scientific geography were for ever established. 

During his voyage across the Pacific, Magellan 7 attempted, for the first time, to 
sound in the open ocean. Navigators at that time had sounding lines of only 100 and 
200 fathoms in length. With these Magellan did not reach bottom between the Loral 
islands of St. Paul’s and Los Tiburones, and he somewhat naively concluded that this was 

1 nourished towards the end of the first century a.d. 

* Flourished probably in the second century a.d. 

a Ibn Khaldoun, Histoire des Berbers, trad, de TArabe par M, le Slane, tom. i. p. 194, Paris, 1852. 

4 For description of this apparatus see Poggendorf, Geschichte der Physik, p. 116, Leipzig, 1879. 

5 1404-1472 a.d. 9 1635-1703 a.d. 7 1470-1521 a.d. 
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the deepest part of the ocean . 1 Although the oceanic phenomena revealed at the surface 
of the sea were eagerly studied during, and immediately after, the time of the great 
discoveries to which we have just referred, the phenomena of the deep sea cannot he 
said to have engaged the attention of navigators and sci entifi c men till after the lapse 
of several centuries. , ' : 

In the first half of the seventeenth century Kircher reviews the. doctrines as to the 
depth of the sea accepted in his time. He says: — “In the same manner as the 
highest mountains are grouped in the centre of the land, so also should the greatest 
depths be found in the middle of the largest oceans : near the coasts with hut slight 
elevations the depth will gradually diminish towards the shore. I say coasts with hut 
slight elevations, for if the shores are surrounded by high rocks, then greater depths are 
found. This is proved by experience on the shores of Norway, Iceland, and the Islands 
of Flanders .” 2 

The first attempt to represent the bottom of the sea by isobathic curves is to be 
found in a map by Philippe Buache in 173/. These curves are intended to show that 
certain elevations of the sea-bottom correspond' with the orography of the iie^hbotirhag 
land. In an essay on physical geography, published in 175% hb devdbpB-his ideas bh 
this subject. 8 

Unsuccessful attempts were made by Captain Ellis in 1749, by Lord Mulgrave in 
1773, and by Seoresby in 1817, to sound the ocean. Sir John Ross was more fortunate 
in 1818. During his first Arctic expedition he brought up 6 lbs. of mud from 1050 
fathoms in Baffin’s Bay. Soundings were correctly obtained in 1000 fathoms in Posses- 
sion Bay, and worms and other animals were found in the mud procured. Sir James 
Clark Ross, during his Antarctic expedition, 4 after a number of unsuccessful attempts 
with the sounding lines in use, made a new line on board his ship, 3600 fathoms in 
length. With this a satisfactory sounding was obtained in 2425 fathoms in the South 
Atlantic, and another off the Cape of Good Hope in 2677 fathoms. On two occasions 
no bottom could be found with over 4000 fathoms of line. He also dredged successfully 
in depths of 400 fathoms. Some beautiful specimens of Corals, Corallines, Flustra, and a 
few Crustaceous animals were obtained. 

A great impulse was given to deep-sea soundings when Lieut. Brooke, an officer in 
the United States Navy, invented his sounding machine in 1854, by which, applying 
Cusanus’ idea of a detaching weight to the sounding line, the sinker was detached 
when the weight struck the bottom. This instrument was modified and improved by 
Commander Dayman, who employed it while sounding across the Atlantic in the region 
through which the Atlantic cable would require to pass. The introduction of steel wire 

1 Pigaffetta, Premier voyage autour du Monde, -p v 53, Paris, Fan is. 

2 Kircher, Mundus Subterraneus, p. 97. 

3 Buache, “ Essai de g4ographie physique,” &c.. Hist, de I’Acad. des Sciences, 1752, p. 399. 

4 !From 1839 to 184& 
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by Sir "William Thomson in 1870 was a still further improvement, and, indeed, since the 
commencement of submarine.telegraphy, the process of taking deep-sea soundings has been, 
rapidly perfected. Many , submarine telegraph ships, .surveying vessels, and even private 
yachts, have now been fitted with the most improved apparatus for sounding ; so that, 
when it is desired to know the depth only, this can be ascertained expeditiously and 
with great accuracy. 

.. During the past thirty years the ocean has been' sounded in all directions, and we 
have in consequence a very correct notion of the general form and relief of all the great 
ocean basins and enclosed seas. Not only in a knowledge of the bathymetry of the 
ocean, but in an acquaintance with all the other conditions of the deep sea, there has 
been a rapid and important development, thanks to the investigations of the Challenger 
Expedition, as well as the previous and subsequent expeditions of this and other 
countries. 

This Report being limited to a consideration of the sedimentary deposits of the deep 
sea, it seems desirable to indicate the views that have at different times been held with 
reference to marine sedimentation. 

Herodotus 1 discussed the formation of alluvium at the entrance of the Nile, and 
the relations subsisting between land and sea, but on these it is unnecessary to dwell. 

Plato, 2 in the myth of Atlantis, supposes a great extent of land situated in the 
external sea to have disappeared in one day and one night beneath the water of 
the ocean. Since that time, he adds, the Atlantic Sea has ceased to be navigable ; its 
waters have become muddy and charged with clay derived from the engulfed land. 3 

Skylax of Coryanda, 1 in speaking of the sea which bathes the west of Europe, 
limits his remarks to saying : — “ Beyond the Pillars of Hercules there are many 
Carthagenian commercial stations, much muddy water, high tides, and open seas.” 8 

Aristotle 6 has no new views with regard to the great external ocean, which, he 
states, in accordance with the ideas generally admitted in his time, is muddy and 
little agitated by the winds. 

Polybius 7 points out that in the Sea of Azov the rivers bring down considerable 
quantities of sediment. He estimates the time it will take for this fluviatile alluvium 
to fill up, not only the Sea of Azov, but also the Euxinus or Black Sea. The ideas 
of Polybius, from a geological point of view, are most reasonable, but the rate of 
encroachment has been much slower than he supposed during the 2000 years which 
separate us from the time when he wrote. The modifications in these seas have 
not been very appreciable. 

Strabo 8 says : Running water works profound modifications on the surface of the 

1 484-408 B.c. 2 Born 429 B.c. 8 Plato, Timseus, c. 5, 6, and Critises, c. 3, 8. 

4 Flourished in the middle of the fourth century B.a 6 Skylax, Periplus, 1. 6 384-822 b.c. 

7 204-122 B.a 8 Born about 60 B,.c. 
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land, and these changes are subordinate to the nature of the country through- which 
streams and rivers pass. Torrents descending from mountains have ' a great erosive 
power, and the same is the case with rivers which; flow over soft or sandy ground ; 
both spread out on the plains and transport to the ' sea immense quantities of 
alluvial matter. The sediment from fivers is not transported to great distances," 
for matters in suspension are arrested by the movements of the sea ; the bed of the 
ocean is not in consequence filled up so rapidly as one would think, but the places 
near the coasts are loaded with sandy materials, and it is here that the greatest 
modifications take place. He rejects the view that the sediment brought to the 
Black Sea by rivers could have bad any considerable effect in filling up that sea and 
causing it to overflow. Strabo likewise attributed an active part to the winds in 
all the changes taking place at the surface of the globe. To the combination of all these 
forces he attributes what has, since his time, been called the sculpturing of the continents . 1 

Seneca 2 says : In virtue especially of its persistence and continuity, water acts on the. 
solid bodies which constitute the land by dissolving end disintegrating them, and even 
transporting them, sometimes far from their place, of origin. AH rocks, even tbe 
hardest, are penetrated by water, which dissolves them at least partially." Seneca 
attributes the solvent action to the presence of a gas (spiritus); thermal "springs 
possess the power of dissolving minerals in the highest degree. Among those which 
resist the least, he enumerates salt, sulphur, nitre, alum, bitumen, and lime. The 
matters dissolved by water are deposited again, and this precipitation is especially 
abundant when the waters are thermal and gaseous. He likewise explains the formation 
of calcareous tufas. He points out that the saline substances, held in solution by the 
aqueous element, may be absorbed by earthy layers, which in a way serve as a 
natural filter. What has just been said upon the chemical action of water shows 
that Seneca had clearly recognised those hydrothermic phenomena which play so 
important a role in geology. 

Seneca’s ideas regarding the mechanical action of water are not" less just. The 
hardest rocks are not able to resist the repeated force exercised by a drop of water, 
and the erosive effects of water are most pronounced when the forces in play are 
those of rivers and the currents and waves of the sea, as may be observed in the 
beds of rivers and on bold coasts; everywhere on the land, water is to be seen 
victoriously attacking and destroying rocks. Its chemical effects often precede the 
mechanical action ; this last finds its work half completed. Streams and rivers 
transport at all times, but especially during floods, clay, sand, and rocks picked up 
from the layers which they traverse. The erosive power of waves is, however, even 

1 Sue H. Fischer, Ueber einige Gegenstande cler physischen Geographie bei Strab, als Beitrag aui GescMchfce der 
alien Geographie, Wernigerode, 1879. 

* Born a few years b.c. 
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greater than that of running water:' cliffs broken and smashed into ruins axe 
unquestioned witnesses of the work of destruction effected by the sea on coasts. 
Running waters deposit at their mouths the matters which they carry in suspension, 
thus forming the deltas of rivers. In their turn the mineral particles in suspension 
in marine waters are deposited at the bottom of the sea, often at considerable distances 
from the coasts. ■ Among the factors which play a part in marine sedimentation, tides 
and currents, are' enumerated. Seneca points out, besides, that all waters, and especially 
those: of the ocean, possess the power of cleansing themselves from all impurities; they 
may be said to wash the coasts and lay down near them all matters in suspension. 
During a series of centuries the lines of coasts undergo sensible modifications. 1 

A few notions regarding the geological action of water, the sediments carried into the 
Sea and then solidified, are met with in the works of Kazwini, 2 * and other Arab writers. 

'■ We find in Magoudi 8 examples of the carriage of fluviatile sediments, whose 
accumulation! causes the sea to retire. He had been profoundly impressed by the 
sanding up produced by the Tigris and Euphrates ; he cites the case of the city of 
Hiza, formerly a sea-port, which, after the lapse of 300 : years, was situated far in 
the interior. 4 

Albirouni 6 embraced the idea, previously expressed by Megasthenes, according to 
which Bengal has been -formed by the accumulation of sediment deposited by the Ganges. 
The writings of this author also show that he had observed the distribution of materials 
transported by water; he points out that the larger fragments are deposited at the 
upper parts of rivers, that gravel is found lower down in their course, and finally, 
that sand and the finest particles are carried into the ocean. 

In Italy, in the fifteenth century, Leonardo da Vinci wrote that the sea changes the 
equilibrium of the- eartb, that the shells accumulated in various layers have necessarily 
lived on the spot which the sea occupied. The great rivers, he says, carry into the 
ocean the waste of the land, and the deposits thus formed have been successively covered 
by -others of various thicknesses, and finally the bottom of the sea has become the top 
of mountains.* 

The Dane, Steno 7 , endeavours to show that the carapaces of Crustacea are formed of 
matter secreted by the animal’s body; he establishes the connection existing between 
fossils and the sedimentary layers which contain them, and the true origin of both. He 
was the first to distinguish the layers formed in the sea from those deposited in fresh 
water, and to notice the character of the shells in both instances. He concludes, from 

1 See A. Nehring, Die geologisehen Anschauungen des Philosophen Seneca, Wolfenbiittel, 1873 and 1876. 

* Flourished about 1263 A.i>. 8 Flourished about 915 a.d. 

4 Magoudi, Les Prairies d’Or, texte et traduot. par MM. Meynard et Courteille, Paris 1861 ; see in particular the 

anecdote of Kaled and Abd-el-Megih, tom. i. c, ix. pp. 216, 222. 5 Flourished about 1000 a.d. 

6 See Venturi, Essai sur les ouvrages physieo-mathimatiques de Leonard da Vinci, Paris, 1797. 

7 De solido intra solidum naturaliter contento dissertations prodrom.ua, Florence, 1669. 
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his observations on the original character of thesedeposits, that thelayers now found 
perpendicular, or inclined to the horizon, were horizontal at the time of thair fo rm ation 

In 1740. Ant. Lazzaro More developed a system in which he attributes to frequently 
recurring submarine explosions the formation of mountains, plains,acd islands. Accord- 
ing to him the globe was primitively coyeied with water ; on the third day of creation 
the crust which formed the bottom of the sea was raised. . The mountains resulting fro m 
this upheaval are the primitive rocks, in which no fossils axe found. . At a later, period 
there arose from the interior of the earth lava and other substances which a.^umnlaWI on 
the bottom of the sea, and were upheaved in their turn through the agency. "With 
this second phenomenon were introduced diverse substances, such, as salt, sulphur, and 
bitumen. As a natural consequence the water became salt, animals were developed in 
it, the earth became peopled about the same time, and the eruptions .continuing produced 
an alternation of sedimentary and eruptive deposits. 1 * 

Arduino divided the Paduan, the Vicentin, and the Veronese mountains into primitive, 
secondary, and tertiary. The secondary mountains are for the. most part formed of com- 
pact limestone in continuous strata, and contain petrified organised bodies. These strata 
vary in hardness, fineness of grain, composition, colour, and in the species of maime 
bodies they contain, since, according to him, there is but one kind in each str atum. 8 

Marsilli 3 makes a few observations on the bathymetric knowledge then possessed 
concerning the nature of the bottom of the sea; he admits that the basin of the sea 
was excavated “at the time of the creation out of the same stone which we. see in 
the strata of the earth, with the same interstices of clay to bind them together.” He 
adds that we should not judge of the nature of the bottom of the basins by the 
materials which seamen bring up in their soundings. They dredge almost: always bn 
a muddy bottom, and very rarely on a rocky one, because the latter is covered with 
slime, sand, sandy, earthy, and calcareous concretions, and organic matter. These 
substances, he says, conceal the real bottom of tbe sea,. and have been brought there 
by the action of the water. These substances always cover stony masses. “ Lastly,” 
he adds, “to explain myself briefly, I may compare the bed of the sea to a cask, 
which, having long held wine, seems from the inside to be. made of dregs of tartar, 
though it is really of wood.”: In the profiles which accompany his work, he has 
marked with dotted lines the stony parts of the bottom. In. sea-bottoms of 
great extent, he distinguishes those which are covered with fine sand, or with a sandy 
conglutination; the part covered with fine sand is always that exposed to- the flow 
of rivers. 

i De orostacei e degli altri marini corpi, che si trovano sui monti, Venice, 1740. 

3 Di varie minere di metalli e d’altre specie di fossili delle montane provincie Venetae, &c:, M^tn. Soc, Ital, tom. 
iv. 1788. 

3 Histoire physique de la mer, par L. P. eomte de Marsilli, traduit par Boerhaave, Amsterdam, 1726,. 
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; The observations of D'onati 1 on the bottom of the Adriatic led him to think that it la 
hardly different from the surface of the land, and is but a prolongation of the superposed 
strata in the neighbouring continent, the strata themselves being in the same order. 
They contain marble,, stone, metals, and in some places sand, gravel, or' clayey soil. He 
attributes to the nature of the sea-bottom th§ presence of certain substances in one 
place and their absence in another, and adds that he thinks this observation will 
explain why the earth has mountains and plains entirely destitute of marine bodies, 
whilst in other parts a great many are found, and why in some spots many varieties are 
brand, and only one m others. Among the rocks formed in the Adriatic, Donati mentions 
marble, breccia, and calcareous tufa. The bottom of the Adriatic is covered with a layer 
tormed by crustaceans,testaceaiis, and polyps, mixed with sand,. and to a great extent 
pe nfied. This crust may be 7 to 8 feet deep, and he attributes to this deposit, bound 
together with the remains of organisms and sedimentary mineral matter, the rising of the 
bottom of the sea, and the encroachment of the water on the coasts. 

In the great works of Wolfgang, Knorr, and Walet (1755-1773) we already find a 
distinction established between the fossil remains of pelagic animals and those of 
animals found on the sea-coast, and they express an opinion that the existing analogues 
of those that have not been found must exist in the deep seas as yet unexplored 

kind Tr 8 172 t' rf d a T brandl 0t oolloiol<> «y of a small 

f p, olythalamous shell °f nautiloid shape (Nautilus heccam, Linn.). The coils of 

lie helix and its transverse divisions give it a great resemblance to'the ammonite-a term 

of comparison which was long adopted for all the other analogous Foraminifera, so 

plentiful in the marls of North Italy. Beccari counted more than 1500 in two ounces 
of this micaceous silico-calcareous sand. ^ 
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multitude of shells belonging to very small marine animals, then considered as nautili 
and ammonites — an error which lasted till 1835. As he assigned no particular names to 
the diverse forms, which he described and figured with care, and even grouped according 
to certain analogies, Soldani did not advance the knowledge of them as much as he might 
have done had he applied the then well-known nomenclature of Linnaeus. In 1789-1797 
he produced another very considerable work 1 on the microscopic shells found on the 
shores of the islands of Giglio, Elba, Massa, &c. He observes in this work that these 
small bodies are not young specimens which grow with age, but are perfect adults. The 
various species occupy various depths, and this explains, he adds, why those in a fossil 
state are not found mixed indifferently in all the strata. 

In 1836 Professor C. G. Ehrenberg produced his first works. His name will ever 
remain inseparably connected with the discoveries relating to the microscopic organisms of 
the sea. It would be impossible to enumerate here the numerous memoirs and important 
publications of this micrographer, who devoted his whole life, with extraordinary activity, 
to microscopic organisms, to atmospheric dust, to the examination of material brought up 
from deep soundings, and to all questions appertaining to the sea. We must touch on one 
salient point, viz., the connection he established between certain classes of living micro- 
scopic organisms, and the part they played in geological times. As early as 1836 he 
showed that the siliceous strata, known as “ Tripoli,” found in various parts of the globe, 
especially at Bilin in Bohemia, were but an accumulation of the skeletons of Diatoms, 
Sponges, and Radiolaria ; he pointed out that similar strata were formed now-a-days by 
Diatoms in the subsoil of Berlin. In 1839 his observations at Cuxhaven revealed the 
presence of living Diatoms and Radiolarians on the surface of the ' Baltic, of the same 
species as those found fossil in the Tertiary deposits of Sicily and Oran. He showed, 
moreover, that in the Diatom layers of Bilin the siliceous deposit had, under the influence 
of infiltrated water, been transformed into compact opaline masses. Starting from these 
facts, he concluded that rocks similar to those which play so important a part in the 
terrestrial crust are still being formed on the bottom of the sea. 

Humboldt addressed a letter to Lord Min to, First Lord of the Admiralty, with 
reference to Sir J. C. Ross’s Antarctic Expedition, calling attention to the importance of 
studying the microscopic organisms, which Ehrenberg had shown played so important a 
role in the constitution of terrestrial strata. Dr. Joseph Hooker, who was attached as 
naturalist to the expedition, observed 2 that the waters and ice of the Antarctic regions 
swarm with Diatoms to such an extent that they give the water a brown tint. Between 
lat. 50° and 70° S. prodigious quantities of them were found, and in 80° S. lat. all the 
surface ice, the sides of the icebergs, and the base of the great Victoria Barrier within the 
limit of the waves, were coloured brown by these organisms. He remarks that the siliceous 

1 Testaceographia et zoophytographia parva et microscopies, -with 179 plates. 

2 Brit Ass. Report for 1847. 

(deep-sea deposits ohall. exp. — 1891. | ^ 
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skeletons must, after tke death of the organisms, form, siliceous deposits of considerable 
extent around all coasts bordered with iee, at depths between 80 and 400 fathoms. 
Opposite Victoria Barrier the bottom was covered with a white or greenish mud, consist- 
ing principally- of Diatom frustules. In very deep water, opposite Victoria and Graham’s 
Land, the mud was very pure and fine grained, but in shallow water, near the coast, it 
was mixed with sandy and gravelly particles. Hooker considered that these microscopic 
plants were intended to maintain in the south Polar regions the balance between the 
animal and vegetable kingdom, and also to purify the vitiated atmosphere, performing in 
Antarctic latitudes the part of vegetation in other regions. He states that Diatoms exist 
in every latitude from Spitsbergen to Victoria Land, Iceland, Great Britain, the Medi- 
terranean, North and South America, and the islands of the South Sea, and that the 
frustules of species living in the Antarctic have contributed to the formation of various 
strata during geological periods. He estimates that the deposit formed principally of 
Diatom frustules extends continuously for more than 400 miles off Victoria Land, at 
depths of about 300 fathoms. The existence of remains of Diatoms, including a few 
Antarctic species, in volcanic ashes, pumice, and scoriae, led him to suppose that organic 
substances covering the bases of active volcanoes, like Mount Erebus and Vesuvius, might 
he ejected from the craters along with volcanic products. 

Iu 1840 Edward Forbes joined, as naturalist, the surveying ship “ Beacon” w hil e in 
the Mediterranean, and for eighteen months he studied the iEgean Sea and its shores, 
taking more than one hundred dredgings at different depths down to 1 30 fathoms. Before 
Forbes’ time the bathymetrical distribution of marine animals had been investigated to a 
certain extent, but the works of Audouiu and Milne -Edwards ( 1830 ), Sars ( 1835 ), and 
Oersted ( 1844 ), applied only to the more superficial waters, of the sea. Forbes studied 
the question with regard to animals inhabiting deep water, and in 1844 published his 
memoir, “ On the Light thrown on Geology by Submarine Researches.” 1 He maintains 
that the dredgings show the existence of distinct regions at successive depths, having 
each a special association of species. He remarks that the species found at the greatest 
depths are also found on the coasts of England, and he concludes, therefore, that such 
species have a wider geographical distribution. Forbes divided the area occupied by 
marine animals into eight zones of depth, in which animal life gradually diminished with 
increase of depth, until a zero was reached at about 300 fathoms. He shows that in 
Cretaceous and Tertiary, layers similar zones may he distinguished, and that depth must 
have been in former times, as it is now, one of the factors in the distribution of marine 
organisms. He found fewer species in the deep zones than in the shallow ones, and 
supposes that plants, like animals, disappeared at a certain depth, the zero of vegetable 
life being at a less depth than that of animal life. Forbes concluded that, as nearly nil 
marine hasins are over 300 fathoms in depth, most of the sedimentary beds must be void 

1 Edinburgh N'ew Phil. Jottrw., toI. xxxvi. p. 318, 
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of organic remains, and the absence of organisms in certain strata convinced him that 
they had been formed at great depths or deposited prior to the existence of organisms. 
He observed that the number of organisms belonging to colder regions increased with the 
depth of water, and in the deeper zones of warm latitudes species are noticed which are 
inhabitants of the littoral zones of the highest latitudes. Forbes also showed that all 
sea-bottoms are not equally fit for the development of life, for in all the zones he found 
areas less peopled than others, these areas being mostly formed of ooze and sand, and 
inhabited only by creatures whose remains were not likely to be met with in a fossil 
condition. He explains the alternation of layers with and without fossils by changes in 
the level of the sea-bottom of the time. The science of Oceanography was greatly 
advanced by the researches of Forbes, more especially with regard to the distribution of 
marine animals, 1 and in this respect Loveu also materially contributed to the science. 

In 1845 Professor W. C. Williamson described some Foraminifera, Diatoms and 
Sponge spicules from some Mediterranean muds, and, in discussing the origin of 
limestone strata in shallow and deep waters, he suggests that the whole of the 
calcareous organisms may be removed by carbonated waters. 2 * 

In 1846 Captain Spratt, R.N., dredged from 810 fathoms, 40 miles east of Malta, 
eight species of Mollusca, and he expressed the opinion that life exists at much more 
considerable depths ; later, when surveying the Mediterranean between Malta and Crete, 
he obtained fragments of shells from a depth of 1620 fathoms. Both Spratt and Loven 
arrived at conclusions which proved the influence of temperature on the distribution of 
marine animals. 

In 1851 Professor J. W. Bailey applied himself to the microscopic study of the sound- 
ings collected by the U.S. Coast Survey within 100 fathoms, 8 and he showed the important 
part played by Foraminifera in the deposits some distance off the coast of New Jersey. 
Owing to the abundance of these calcareous organisms the deeper deposits differed con- 
siderably from the shore deposits, in which mineral particles, especially quartz, predomi- 
nated. In 1856 he made known the nature of the soundings collected by Brooke in the 
Sea of Kamchatka in depths of 900 to 2700 fathoms. 4 * * * He remarks that in all the samples 
mineral matters diminished with increase of depth, and that while the mineral particles 
decreased the organic remains increased. Of organic remains Diatoms predominated. 


1 In 1850 Forbes presented his first general Report on the. Marine Zoology of the British Is an so e nis 

Afln np.in.tinn. This Report was of great importance to science, and in it he indicated the desirability o prosecu ng 

further researches in the North Atlantic, opposite the Hebrides, around the Shetlands, and between e e n an 
Faroe Islands, thus pointing to a field of exploration which twenty years later became the scene of the investigations oi 
Carpenter, Thomson, and Gwyn Jeffreys, and still more recently of Murray and Tizard. ' 

1 “ On some of the Microscopical Objects found in the Mud of the Levant and other Deposrs, ., 

Phil Soc., Manchester, vol. -viii. pp. 1-128, 1847. ..... , , T - - f „j 

* “ Microscopical Examination of Soundings made by the U.S. Coast Survey off the At an ic coas 

States,” Smithsonian Contributions to Knowledge, vol. ii., article iii. pp. 1-15. 

* Amer. Town. Sd., ser. 2, vol. xxi. pp. 284-285, 1856. 
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Sponge spicules and Radiolarians being also present, while the calcareous tests of Fora- 
minifera were absent. These deposits of microscopic organisms, in their richness, extent, 
and high latitude, resemble the siliceous deposits of the Antarctic already noticed by 
Hooker. Bailey’s researches proved that localised deposits were formed in the high seas, 
in which not calcareous, but siliceous, remains predominated. The excellent state of 
preservation of these siliceous organisms, and the fact that many of them still retained 
the soft parts, led him to conclude that they must have been living up to a very recent 
period, not necessarily at the great depths where they were found, but probably drifted 
from shallower deposits. 

About the same time Bailey published his work on the origin of greensand and 
its formation on the bottom of modern seas. 1 Ehrenberg had long before observed a 
pseudomorphism of the calcareous shells of Foraminifera in the Chalk into silica. As 
early as 1845 Bailey had called attention to the casts of Foraminifera in the Eocene marls 
of Fort Washington. 2 * Mantell stated in 1846 s that casts of Foraminifera and their soft 
parts were preserved in flint and limestone, and that the chambers of the Foraminifera 
were often filled with calcite, silica, or silicate of lime. But Ehrenberg was the first to 
show the connection between greensand and the Foraminifera, and to throw light on a 
point which had long puzzled geologists. In 1855 he says that, in all the examples he 
had. examined up to that time, greensand must be considered as due to the filling up of 
organic cells of Foraminifera, like a lithoid mould. 4 Bailey verified Ehrenberg’s results 
from the examination of a number of Cretaceous and Tertiary rocks of North America. 

Pourtal^s in 1853 announced that he had obtained from a depth of 150 fathoms, in 
lat. 31° N., long. 79° W., a deposit formed of almost equal parts of Globigerinse and 
black sand, probably greensand. 5 Bache showed these and similar samples, taken in the 
region of the Gulf Stream, to Bailey, who found in them casts of organisms, some of 
which were “well-defined greensand, others reddish, brownish, or almost white.” 0 He 
concludes that these glauconitic casts have not been transported from ancient formations, 
but have been formed where they were found in the same manner as in geological forma- 
tions. He states that his own and Ehrenberg’s researches prove that other organisms, 
besides Foraminifera, may serve as moulds for the greensand, and he notices that with 
the well-defined casts are associated green grains less regular in form, “ having merely a 
rounded, cracked, lobed, or even coprolitic appearance.” 7 The phenomena accompanying 
the decomposition of organic substances, he says, are closely connected with the formation 
of this mineral — a green or red silicate of iron or almost pure silica. 

In 1856 Lieut. Berryman, in the steamer “ Arctic,” sounded across the North Atlantic, 
and obtained samples of the deposit from thirty-four points between St. John’s, New- 

1 Proc. Boston Soc. Nat Hist., vol. v. pp. 364-368, 1856. 2 Amer. Journ. Sci vol. xlviii. p. 341. 

3 Phil. Trans.) p. 466, 1846. 4 Monatsb. d. k. Alcad. Wiss . Berlin, 1855, p. 172. 

6 Report TJ.S. Coast Survey for 1853, App., p. 83. 6 Loc. cit., p. 367. 7 Lot. tit., p. 368, 
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foundland, and Valentia. These deposits were described by Bailey, 1 who, from the fact 
that the mineral particles were angular, concluded that there is little movement at the 
bottom in deep water, otherwise the mineral fragments would be rounded. He observed 
the abundance of calcareous matter due to the accumulation of microscopic shells, which 
fall to the bottom after the death of the organisms. Bailey also observed the presence 
of volcanic ashes in the deposits, and remarked that the Gulf Stream had spread these 
“ plutonic tallies ” over thousands of miles. Some doubt having arisen as to whether 
these ashes might not have been thrown overboard from passing steamers, Bailey com- 
pared the two, and arrived at the conclusion that the substances found on the bottom of 
the Atlantic were really of volcanic origin ; Maury supposed that this dust might have 
been carried by the wind from volcanoes in Central America or from extinct volcanoes 
in the Western Islands. By treating the deposits with acid, Bailey showed that there is 
always a small quantity of mineral particles in organic calcareous sediments, though 
veiled by the preponderance of the calcareous element, and that the calcareous organisms 
increase in abundance as the Gulf Stream is approached. He found only imperfect casts 
of Foraminifera in the deposits off the northern coasts, the green casts being generally 
met with in the more southerly soundings. 

Lieut. Maury, in the latest (9th) edition of his “ Sailing Directions,” 1858, gives an 
abstract of the knowledge of marine deposits possessed up to that time. He estimated 
the part taken by calcareous or siliceous microscopic organisms in pelagic deposits, based 
upon Bailey’s observations. He agrees with Bailey that the animalculse, whose remains 
are found at the bottom of the sea, lived in the surface waters ; but he carries the idea 
too far when he asserts that the absence of light, low temperature, and pressure preclude 
the possibility of life in very deep water. Ehrenberg held the opposite opinion regarding 
the habitat of these microscopic organisms, based upon the presence of organic substances 
in the shells dredged from the bottom of the sea, and argued that he distinguished forms 
in the deposits to be found nowhere else ; but tow-net observations have since proved 
that forms identical with the most abundant of these shells from the bottom live in the 
surface waters. 

In 1857 Captain Dayman sounded across the North Atlantic in H.M.S. “Cyclops,” 
along the great circle between Valentia and Trinity Bay, Newfoundland, a little to the 
north of Berryman’s line of soundings. He states that in his deepest sounding the de- 
posit consisted of a plastic floury substance or ooze, which stuck to the line when drawn 
up. 2 Dayman’s soundings were examined and reported on by Professor Huxley, 8 who 
found the samples obtained between 1700 and 2400 fathoms to be remarkable for their 
uniformity; in the bottles containing them Huxley observed a viscous substance, and 

1 Amer. Jowm . Sd., ser. 2j vol, xxi. pp. 284-285. 

2 Deep-Sea Soundings in the North Atlantic, made in H.M.S. “ Cyclops,” in June and July 1857, London, pub- 
lished by the Admiralty, 1858. 

8 Appendix to Dayman’s Report. 
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small round corpuscles soluble in acid, which he called Coecoliths, and which he regarded 
as the skeletal parts of a supposed gigantic Monera — Bathybius — wide-spread over the 
sea-bottom. When dry the deposit looked like chalk, and he observed that the calcareous 
organisms formed the principal part, Globigerina shells making up 85 per cent, of the 
mass ; siliceous organisms were also present, including Coscinodiscus and other Diatoms. 
He considers the Globigerina Ooze to be of high scientific interest on account of its extent, 
depth, and resemblance to the Chalk, and discusses the question of the habitat of the 
Foraminiferous shells constituting the major part of the deposit. He does not express a 
decided opinion as to whether the shells have been transported from shallower water, 
whether the animals lived in the surface waters, from whence, after death, they subsided 
to the bottom, or whether they actually lived at the bottom in deep water, but seems to 
prefer the last hypothesis, concluding by saying : “I abstain at present from drawing any 
positive conclusion, preferring rather to await the result of more extended observations.” 

Dr. Wallich, in 1860, accompanied H.M.S. “ Bulldog ” as naturalist when surveying in 
the North Atlantic for the American cable. In discussing the results of his examination 
of the deposits obtained 1 he endeavours to trace a connection between the Globigerina 
Ooze and the Gulf Stream, pointing out that the shells are abundant in the deposits be- 
tween the Faroe Islands and the east coast of Greenland, and in a large portion of the 
direct line between Cape Farewell and Bockall, but are absent or rare in the deposits be- 
tween Greenland and Labrador. In the southern hemisphere calcareous deposits had been 
found on the Agulhas Bank at a depth of 90 fathoms, in which the Globigerina shells 
made up 75 per cent, of the sediment ; he suggested that the area covered by this deposit 
depended on the current flowing round the Cape from the east. Wallich came to the 
conclusion that many of the fossiliferous strata, hitherto regarded as having been deposited 
in shallow water, may possibly have been deposited at a great distance from the surface. 

A considerable quantity of mud from the North Atlantic, 2500 fatho ms , was handed by 
Huxley to Professor Giimbel, 2 who found it to consist of Foraminifera, with Radiolarians, 
Diatoms, Sponge spicules, Ostracodes, and mineral particles. Giimbel expresses the 
opinion that these mineral particles were transported by currents, and concludes that if 
such heavy materials could have been conveyed so far from the coasts, clayey ma tters 
would have been transported at the same time, and that the clayey deposits of ancient 
formations might have a similar origin. He confirmed Huxley’s observations on Cocco- 
liths, and found similar bodies in numerous geological strata ; he also agrees with Huxley 
as to the existence of the Monera, Bathybius. 3 

1 The North Atlantic Sea-bed, London, 1862. ~ See Nature, vol. iii. pp. 16, 17, 1870. 

* Bathybiw was believed to be a gigantic Monera, covering with a network of organic matter the whole of the sea- 
bottom in the greater depths of the Indian and Atlantic Oceans (see Huxley, Quart. Joum. Micros. Sci:, N. S., vol. viii. 
p. 203, 1868; Proc. Roy. Geogr. Soc., vol. xiii. p. 110, 1869). Mr. Murray has shown that what was supposed to be a 
gigantic Monera (Bathybius) consisted of the gelatinous sulphate of lime thrown down from the sea-water, with which 
the specimens of the ooze were impregnated, by the alcohol used in the preservation of the samples (see Narr. Chall. 
Exp., vol. i. p. 939). 
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The dredgings and soundings along the coast of America, taken by the U.S. Coast 
Survey in 1867, were subsequently examined by Pourtal^s. He found among the 
deposits two well-marked varieties, siliceous and calcareous ; the siliceous deposits 
extended along the coast as far as Cape Florida. The calcareous deposits are divided 
into Coral and Foraminiferous formations, the latter found in the greatest depths. He 
also distinguished a muddy deposit, which he considered quite subordinate and related to 
the Tertiary formations. 1 

Po'urtales also gives a description of the different stages in the formation of glauconite. 
He says : “ We find, side by side, the tests perfectly fresh, others still entire, but filled 

with a rusty-coloured mass, which permeates the finest canals of the shells like an 
injection. In others, again, the shell is partly broken away, and the filling is turning 
greenish ; and finally we find the casts without trace of shell, so m etimes perfectly 
reproducing the internal form of the chambers ; sometimes, particularly in the larger 
ones, cracks of the surface or conglomeration with other grains obliterates all the 
characters. They even coalesce into pebbles, in which the casts can only be recog nis ed 
after grinding and polishing.” 2 PourtalSs observes that these glauconitic grains are 
deposited in depths of 50 to 100 fathoms near the coasts of Georgia and South Carolina. 

L. Agassiz discussed the results of PourtaW' observations, and states that what he 
had seen of deep-sea deposits seemed to indicate that no recent or ancient formation ever 
occurred in very deep water. He concludes that the present continental areas within 
the 200-fathom line, as well as the oceans, have preserved their outlines and positions 
from the earliest times. 8 

In the Eeports of Carpenter, Wyville Thomson,, and Gwyn Jeffreys, on the cruises of 
H.M.SS. “ Lightning,” “ Porcupine,” and “ Shearwater,” 4 there are many references to the 
marine deposits collected in the sounding tube and dredges. A comparison is especially 
drawn between the White Chalk and the Atlantic mud or ooze ; in the earlier Reports it 
was suggested that “ we are still living in the Cretaceous epoch,” and in later ones that 
the Atlantic mud “ might have been accumulating continuously from the Cretaceous or 
even earlier periods to the present day.” 5 

In 1871 Delesse published his work “Lithologie du Fond des Mers,” treating more 
particularly of coast sediments from the seas of France; it forms an important contribu- 
tion to our knowledge of marine deposits, and contains lithological charts founded upon 
the official charts published by the European and American Governments. 

The Challenger Expedition left England in 1872, and during the cruise, which lasted 
nearly three and a half years, many preliminary notices were published by Wyville 

1 Report of the Superintendent of the United States Coast Survey for 1869, pp. 220-225, Washington, 1872. 

■ 2 Loc . cit, p. 224. 

3 Bull. Mus, Comp. ZooL, voL i. pp. 368, 369, 1869. 

4 From 1868 to 1870 ; published in Proc. Boy. Soc. 

6 Thomson, The Depths of the Sea, p. 470, London, 1874. 
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Thomson, Murray, and Buchanan, 1 dealing with the nature and origin of the marine 
deposits procured in the various sounding and dredging operations. 

Since the return of the Challenger Expedition very many samples of marine deposits 
have been collected from nearly all regions of the ocean basins by the surveying vessels 
of the British Navy, by the telegraph ships belonging to the India-rubber, Gutta-percha, 
and Telegraph Works Company, and to the Telegraph Construction and Maintenance 
Company, and by Norwegian, Italian, French, German, and American Expeditions. The 
great majority of these samples have passed through our hands, and have, along with the 
Challenger collections, formed the material for our investigations. 

In the present work we have endeavoured to point out the composition and mode of 
formation of marine deposits in general, as well as the distribution of the different types 
over the floor of the ocean. In many cases we have indicated the resemblances and 
differences between these deposits and certain geological formations, but we have not 
discussed in detail the wider geological bearings of the results arrived at from these 
researches. If it be remembered that, previous to the recent scientific explorations of the 
great ocean basins, we possessed no positive knowledge concerning the organic and minera- 
logical components of the deposits now forming over more than one-half of the earth’s 
surface, the importance of the Challenger’s discoveries, as to the nature of the sea-bed, 
on all inquiries regarding the past history of our globe will be readily appreciated. 

The large amount of material at our command has enabled us to divide marine 
deposits into two great categories — Terrigenous Deposits and Pelagic Deposits. 

The Terrigenous Deposits include those now forming along the littoral zone, in 
shallow water, and on the continental slopes beyond the 100-fathom line. They are, 
for the most part, composed of materials washed down from emerged land, the various 
components exhibit abundant traces of mechanical action, and the accumulation is 
relatively rapid. Among these terrigenous deposits it is possible to recognise an accumu- 
lation of materials analogous to those forming certain schistose rocks, shales, marls, 
greensands, chalks, 3 phosphatic and other limestones, 3 volcanic grits, quartzites, and sand- 
stones of geological formations. 4 

1 See Proc. Roy . Soc ., vol. xxiv., 1876 

2 The nature of the mineral particles and pebbles of the chalk, the evidences of mechanical action, the variability 
of the residue of the chalk, the chemical analysis, the character of the organic remains, and the position of the Cretaceous 
sea, all point to the white chalk being formed near shore, and not in the abysmal regions of a deep ocean like a typical 
Globigerina Ooze (see L. Cayeux, “La Craie du Nord de la France et la Bone a Globigdrines,” Ann . Soc. gdol. du Nord , 
tom. xix. pp. 95-102, 1891, and other papers by the same author). The same remarks are applicable to certain calcareous 
and siliceous rocks of the Alps (see F. Wahner, “ Aus der Urzeit unserer Kalkalpen,” Zeitschr. d. Deutschen und Oesterr. 
Aljpenvereins , Bd. xxii. pp. 87-124, 1891). 

3 In some terrigenous deposits there appears to be distinct evidence of the commencement of dolomitisation. 

4 The area covered by terrigenous deposits (from the coast line seaward to an average distance of about 200 miles, 
and down to an average depth of about two miles) has been called by Mr. Murray the Transitional Area. It covers 
about one-seventh, while the land surface occupies two-sevenths, and the pelagic deposits four-sevenths of the earth's 
surface. Mr. Murray holds that all the marine stratified rocks of the continents have in past times been laid down in 
regions corresponding to the Transitional Area. 
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The Pelagic Deposits are formed in the deep water of the central regions of the great 
ocean basins, and consist of organic oozes and a reddish clay. They are chiefly made up 
of the calcareous and siliceous remains of organisms that have fallen to the bottom from 
the surface waters, along with clay and volcanic debris in a more or less advanced state 
of decomposition. There is little or no trace of mechanical action on the components of 
those Pelagic Deposits, their accumulation is relatively slow, and among them there do 
not appear to be any accumulations of materials identical with the marine stratified rocks 
of the continental areas. It seems doubtful if the deposits of the abysmal areas have in 
the past taken any part in the formation of the existing continental masses. 1 

An inspection of Chart 1, showing the horizontal distribution of deposits, and an 
examination of the accompanying descriptions, will show that the various types of 
deposits pass insensibly the one into the other, and that a slight alteration in the 
depth is frequently sufficient to produce a marked difference in the character of the 
deposit, the other conditions remaining unchanged. So slow does the growth of the 
deposit in some red clay areas appear to have been that not more than a few inches 
have accumulated since the Tertiary period. The various components have consequently 
undergone much alteration, and numerous now secondary products have been formed. 
In these abysmal deposits, as well as in those close to the coasts, it will be seen that 
synchronous deposits may thus differ widely in their mineralogical and biological com- 
position, even when the conditions at the surface of the ocean are almost identical. 

1 We lmve examined hand specimens of Tertiary or recent rocks from the Barbados, the Solomon Islands and 
other oceanic islands of the Pacific, which approach closely in character to Pteropod Ooze, Glohigerina Ooze, Red Clay, 
and Radiolarian Ooze (see Harrison and Jukes-Brownc, “The Geology of Barbados,” published by authority of the 
Barbadian Legislature, 1800; H. B. Guppy, <c Observations on the recent calcareous formations of the Solomon group 
made during 1882-84,” Tram. Hoy. Soc. fidin., vol. xxxii. pp. 545-581, 1885). 


(deep-sea deposits chald. exp. — 1891 .) 
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CHAPTER I. 


ON THE VARIOUS METHODS OP OBTAINING, EXAMINING, AND DESCRIBING 

DEEP-SEA DEPOSITS. 

a. Methods employed on board Ship. 

The various instruments employed on board ship for the purpose of obtaining infor- 
mation with reference to the deposits now forming on the floor of the ocean have 
been described in detail in the Narrative of the Cruise. 1 In this place it is, however, 
proposed to refer briefly to these instruments with the view of pointing out the quantity 
of these deposits procured by the different methods, under various conditions as to 
depth, locality, and nature of the bottom. 

The ordinary deep-sea sounding lead, from 12 to 14 lbs. 2 in weight, armed with 
lard, often gives valuable and reliable information concerning the deposits in all depths 
under 100 fathoms. 8 This is especially the case where the bottom is hard, sandy, 
or rough, and if the lead be used frequently over a considerable area, and the particles be 
examined by the microscope after being freed from the grease by means of turpentine or 
naphtha. 

The Cup Lead (Fig. 1) is a modification of the ordinary deep-sea lead (A), with an 
iron spike (C) driven into its lower end ; at the bottom of this spike is an inverted hollow 
iron cone (B), and above the cone is a sliding iron disc (D) movable up and down the 
spike between the bottom of the lead and top of the cone, and just large enough to cover 
the opening of the cone when resting upon it. During the descent of the lead the 
disc is raised off the cone by the friction of the water, so that on reaching the bottom the 
cone is forced into the mud, and is filled with the mud or other loose material forming 
the deposit. On the lead being drawn up through the water, the friction of the water 
forces down the sliding disc (D) on the top of the cone (B), and thus prevents the 
contents from being washed out. 

The Valve Lead (Fig. 2) is another modification of the deep-sea lead, fitted at its 
base with an iron cylinder (A) having a common butterfly valve (B) at the bottom. 
This form of lead was found in practice to be the best for all ordinary soundings in 
depths under 300 fathoms. 4 The cylinder being made to unscrew, the contents can be 
collected expeditiously, and usually without much loss. Even when the cylinder 

contained no specimen from the bottom, an examination of the lower edges would often 

1 

1 Narr. Chall. Exp., vol. i. pp. 56 et $eq. 3 5*5 to 6*4 kilogrammes. 8 183 metres. 4 549 metres. 

(deep-sea deposits chall. exp.— 1890.) 1 
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indicate the nature of the rock or other hardHHliijgj^g a specimen of Jh^^rtfhTtad 
struck In sounding in enclosed arms of the sea, ■iuul l * l Mj 'iJKTlochs of the west of 
Scotland, where the deposit is a soft mud, although the depths are usually under 100 



B ' 

Fig. 1. — The Cup Lead. Fig. 2. — The Valve 

A, ordinary deep-sea lead ; B, in- Sounding Lead, 

verted hollow iron cone ; C, iron A, iron cylinder ; B, 

spike ; D, sliding iron disc. butterfly valve. 



Figs. 3, 4.— Buchanan’s Improved Sounding Lead. 

A and B, brass tube 1 inch (25*4 mm.) in diameter in two pieces, 
at lower end of the upper piece a shoulder C, with a thread 
screw, receives the corresponding shoulder D of the lower 
piece. The leaden weight M or N rests on the shoulder C. 
When used, tube B is filled with a plug or cylinder of the mud, 
the upper part containing water. The plunger P is used to 
push out the plug of mud from B when the latter is unscrewed 
at D. The weight M is 14 lbs. (6*4 kilogrammes), the weight 
N, 3 lbs. (1*4 kilogrammes). A comb valve may be fitted at 
the lower end of the tube if necessary (see L, Fig. 7). 


fathoms, a modification of this tube is desirable, so as to procure a section of the mud by 
plunging the tube deep into tbe deposit. Such a modification was devised by Mr. 
Buchanan and is represented in Figs. 3 and 4. 

The Hydra, Sounding Machine , or tbe Baillie Sounding Machine, represented in the 
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cuts Jb jL fe -' 7 .' Procuring specimens of ^ board the Challenger for the deeper soundings, the 
latter being exclusively tm^uyed during the last two years of the cruise. In tliese the iron 



Fig. 5.— Hydra Sounding Machine. 

A, brass cylinder with butterfly valve B at 
the bottom and a sliding iron rod C at the 
top ; D, stud over which the wire attached 
to the washer E, and thus supporting the 
weights or sinkers F, is passed. 



Fig. 0.— Baillie Sounding Machine/ 

a, iron cylinder with butterfly valve / at the 
bottom and brass tube b at the top ; c, cylindrical 
iron weight sliding backwards and forwards in b, 
regulated by the slit d ; e, iron weights. 


weights or sinkers (F) which surround the iron cylinder serve to carry the line down and 
to force the tube into the deposit, hut being detached on striking the bottom, these sinkers 
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are left at tlie bottom of the sea, while the tube containing a specimen of the, deposit is 
| . hauled to the surface and on board ship. During the first 

months of the cruise the diameter of the tube was not more 
than 1 inch, 1 but this was replaced by one having a diameter 
of 2|- inches, 2 and latterly the tube was made to project fully 
18 inches 8 below the weights. When there was reason to 
suppose that the bottom would be a tenacious clay, no 
butterfly valve was used at the lower end of the tube, as 
this valve is a great impediment to the entrance of • the 
deposit into the tube. In these cases the tube sometimes, 
sank 18 inches or 2 feet 4 into the clay, and brought up a 
section to that depth and over a quart 6 bottle full of the clay. 
It not being always possible to know beforehand the nature 
of the bottom, it was found by experience best to have the 
tube always fitted with the butterfly valve when sounding, 
for a G-lobigerina Ooze or other less tenacious deposit was not 
retained in the tube without the valve. To facilitate collect- 
ing the mud or other deposit brought up by the tube, the 
lower half was made to unscrew, and this was then taken into 
the laboratory, the butterfly valve removed, and the roll of 
mud or other deposit taken out at the upper end, or allowed 
to slip out by its own weight, on jerking or on striking it 
gently on the table. The arrangement, colour, and general 
appearance of the different layers, if any, were then carefully 
noted. Even when the whole of a more or less granular 
deposit appeared to have been wholly washed out of the tube 
on its way up through the water, still a small quantity of the 
deposit or a few shells or stones would usually be found 
inside behind the valves. The method of sounding with these 
machines is very satisfactory from the point of view of the 
study of Deep-Sea Deposits, for the largest specimens of the 
deposit are thus obtained; the method of sounding with 
wire, now chiefly employed, where the weights and tubes are 
very much less, is less satisfactory in this respect. 

Buchanan’s combined sounding tube and water-bottle, as 
used by Mr. Buchanan with success on board the telegraph 
ships, is represented in Figs. 7 , 8, 9, and 10, and has the 
advantage of utilising the weights in pushing the tube into the ground, with the 



Fig. 7. — Buchanan’s Combined Sound- 
ing Tube and Water-Bottle. 


1 25‘4 m 


2 63*7 mm. 


3 45 '7 centimetres. 


4 61 centimetres. 


6 1*1 litres. 
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view of procuring specimens of the deposits below the superficial layers. With it 
good samples of the mud and of the bottom water are obtained without trouble. The 
instrument consists of the “water-bottle” A, a tube about 18 inches 1 long and 2j 
inches 2 in diameter, of about one litre capacity. It has at each end a valve, H, K, 
made of india-rubber, on a metal seating, opening upwards. Above the upper valve H, 
the shank C is screwed into the tube A, and below the lower one K, the mud tube B, 
which is 12 inches 8 long and 1 inch 4 in diameter, is screwed to A. Into the lower end 
of the mud tube B can be inserted the valve L, which consists of a piece of thin sheet 
brass, cut out like a comb, and bent round into a cylindrical shape. It is soldered to a 
stouter piece of brass tube, which fits into the end of B and is retained by a bayonet 
joint. At the npper end of the shank C the tumbler D supports the weight E by the 
sling F, and is in its turn supported by the sounding line M. 

The details of the tumbler are shown in Figs. 8, 9, 10. It will be seen that at its 


11 



Fig. 8. Fig. 9. Fig. 1(J. 

Disengaging Apparatus for Buchanan’s Sounding Tube and Water-Bottle. 

upper end it has the hole a, into which the eye of the sounding line is spliced. At the 
lower end it has three notches, b, c, and d. If it is not wished to detach the weight, the 
sling supporting it is hooked into the notch d, which is considerably below the suspend- 
ing axis. Consequently, when the tube reaches the bottom and the sounding line 
above slackens, the tumbler still preserves its upright attitude, and on heaving up, the 
sinker is recovered along with the tube. If the sinker is not to be recovered, the sling 
is hooked in the notch 6, which is above the axis. When the tube reaches the bottom 
and the sounding line slackens, the pressure of the sling upsets the tumbler, which falls 

1 45*7 centimetres. 2 57*35 mm. 8 30*48 centimetres. 4 25*4 mm. 
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per into the position Fig. 9. In getting into this position the weight drags the sling 

out of the notch b, and it falls into the notch c. 
Here it remains as long as the tube is at the 
bottom, exerting all its weight in pushing it into 
the ground. On heaving in, the tumbler is drawn 
into an upright position, when the sling slips free 
and the tube is brought up without the sinker. 
When it has been brought to the surface, it is 
found that the mud tube B is filled with a com- 
pact cylinder of mud, which by its weight has 
kept the india-rubber valves closed by drawing 
them tight down on their seats, and has therefore 
insured that the water enclosed at the bottom has 
not been contaminated by admixture with other 
water on the way up. 

The localities, even in mid ocean, where the 
bottom is “ hard ground,” are by no means rare, 
and if the tube just described be dropped on it 
with a 50 lb. 1 sinker, the mud tube will be much 
disfigured ; but if there be any loose material at 
all, such as gravel or coral, a little of it will 
probably be entangled behind the comb valve. 
In the absence, however, of a mud plug, the 
bottom water will be valueless. As a rule, the 
bottom of the deep sea consists of mud sufficiently 
soft and tenacious to fill the mud tube throughout 
the greater part of its length with a compact plug, 
and if the tube B be screwed water-tight into the 
lower part of the tube A, it is retained in it just as 
a liquid is retained in a pipette. In soft ground, 
clays and most Globigerina Oozes, it is better 
to discard altogether the comb valve L, because 
it always offers some resistance to the entrance 
of the mud, and is not wanted to keep it in. 
The instruments are fitted with mud tubes of two 
sizes, namely, the smaller 1 inch 2 in diameter, and 
the larger If inches 8 in diameter. In the ordinary 
routine work of running a line of soundings the smaller size should be us,ed and without 
1 22*8 kilogrammes. 2 25*4 mm. 3 44*45 mm. 



Fig. 11. — The Slip Water-Bottle. 

A, "brass cylinder sliding up and down the metal shank 
B, attached "by a wire to the slipping arrangement £3, 
fixed to the end of the rod F. When the apparatus 
reaches the bottom the cylinder is released and falls 
down to the lower part, where it rests on the lower of 
two accurately ground valves C and D ; the water 
enclosed is removed by the tap G. 



the comb valve, 
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It is screwed into A on the top of a thin leather washer finches* in 
• mger, was 
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J ia - B and between. them an Iron tongue C, with 

A, A, arms of the dredge, connected together with ma ww Jwlts . B, E, E, two knife-edged pieces of iron on 

a Bwivel-ring D at its. upper end, to which .the 0 f a'bout 10° from the perpendicular ; F,sack 
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joint tight. At each sounding a sample of tire mud and of *. bottom water wdl he 
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?er into tlWhen the .tube is brought on board, the mud tube is unscrewed, any water 
oe on the top of the mud cylinder is poured off, and the mud cylinder itself . 
t by a metal plunger, which just fits the tube. The water is simply poured 
2 bottle into any convenient vessel. If the gases dissolved in the water are 

to be examined, then it must be drawn off by a 
siphon passed through the upper valve and down 
to the bottom of the tube. 

This sounding tube has been very successfully 
used on board the ships “Dacia” and “Inter- 
national,” belonging to the India-rubber, Gutta- 
percha, and Telegraph Works Company, while 
surveying the route for the cable from Cadiz to 
the Canary Islands. It has the advantage that on 
board such ships, where rapidity of work is of*the 
greatest importance, good samples of mud and of 
bottom water are obtained in the course of the 
ordinary routine work, and without having to use 
any extra instruments. The weight of the sinkers 
used was 60 lbs., 1 but 50 lbs. 2 is quite heavy 
enough. When the sinker is to be recovered, its 
weight should not exceed 30 lbs. 8 

In some of the telegraph ships four small 
tubes were at one time fitted to the lower part of 
the sounding instrument, and brought up four little 
rolls of the deposit. Other slight modifications have 
been introduced in the form and size of the tube 
and valve for retaining a specimen of the deposit, 
but these do not differ widely from those which 
have been noticed above. 



Fig. 13. — The Beam-Trawl used in deep-sea work. 


A water-bottle, called the slip water-bottle 
(Fig. 11), was almost always attached to the line 
when so undin g on board the Challenger ; this bottle closes on striking the bottom, and 
it frequently happened that it was partly filled with mud or ooze, thus giving, in 
addition to the sounding tube, indications as to the nature of the deposit. 

In the dredges and trawls (Figs. 12 and 13) used on board the Challenger, a large 
quantity of deposit was frequently brought up from the greatest depths of the ocean. 

1 27*2 kilogrammes. 2 22*7 kilogr amm es. 3 13*6 kilogrammes. 
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Thi’ iron framework of the largest dredge was 5 feet 1 in length, 1 foot 8 inches 8 iu 
breadth — its weight being 137 lbs.;* the next size, which was made much stronger, was 
4 feet* in length, 9 inches* iu breadth, and weighed 259 lbs.; 8 tho smallest was 3 feet 7 
in length, 1 foot" in breadth, and weighed 85 lbs. 9 The smallest was generally used in 
great depths, and with it a successful haul was obtained in 3875 fathoms. 10 

Tho trnwls were of the kind known as beam-trawls, the length of tho beams 
lieing 17, 13, and 10 feet; 11 tho smallest was used in very deep water. Into the 
bottom of the ling of tho dredge and into tho bottom of the net of the trawl fine 
doth was usually sewn, so as to retain Homo of 
the fine ooze or mild, as well as to capture very 
small animals. It frequently happened that many 
hundredweights of (ilobigcrimt Ooze, Diatom Ooze, 
or other deposit were brought up iu the dredge 
and ‘trawl, especially when a fino cloth was placed 
in the bottom of tho bag or net. On the other 
hand, the greatest hauk of manganese nodules, 
sharks' teeth, hones of whales, fragments of rocks, 
mixed with red or ehoeolale-eolourod day occurred 
when no doth was placed in the bag or net; 
mi these occasions the line day evidently passed through the meshes, while the larger 
fragments were retained in the netting; there was occasionally a sufficient quantity of 
the above materials in the trawl to fill a 30-gallon cask. 19 

When it large quantity was procured, tho ooze or day was passed through sieves of 
various sizes (Fig. 14), by working them up and down in large tubs of dean sea water; 
all t lie larger particles from these sieves were then carefully collected and placed in bottles 
with spirit, and labelled “ coarse ” and “ fine washings." 18 A quantity of tho deposit, just 
us it was taken from the dredge or trawl, was also preserved in bottles for examination at 
Inane. The operat ion of sifting the deposits took place on the dredging bridge imme- 
diately after the trawl or dredge was landed on board ; the more detailed examinations 
were t arried on in tho laboratory on the upper deck. 

The ordinary surface tow-net (Fig, 15), used for catching pelagic animals, made of 
coarse cloth of various kinds, the iron hoop having a diameter of 1 foot or 18 inches, 14 

‘ 1524 metre*. * 38-t centimetre*. * OS-1 kilogramme*. 4 1’219 metros. 

» 28-0 centimetre*. « 117-4 kilogramme*. 7 0'14 decimetre*. * 30-48 centimetre*. 

. 3H'G kilogramme*. >" 7088 metre*. » 6-184, 8-964, and 3'0fi metres. “136 litres. 

I, The ooxu which hail Iwen passed through sieve* was sometimes sent home from the “Porcupine” and earlier 
expedition* without being properly labelled, or without a statement that all the finer particles had been washed away, 
hone* some sample* were described as OrbuMm ooze, some of the siftings consisting largely of these Foraminifera. 

u 30*48 or 45*7 centimetre*, 

(ducf-sju DSPOSITS CHAU- EXP.— 1890.) 2 



Pm. 14.— Thi Biovpn. 
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was frequently attaclied to tlie beam of the trawl and iron frame of the dredge,- and 
gave in most cases information of the immediate surface-layers of the bottom that could 
not be obtained by the trawl, dredge, or sounding tube. A tow-net was in like manner 



sometimes fixed to the weights that were placed on the trawling line, some 200 to 500 
fathoms 1 in front of the dredge or trawl. This net occasionally came up filled with mud 
or ooze. 

In another way, however, the surface-nets gave still more valuable inf o rma tion. 
During almost every day of the cruise these nets were dragged at the surface add in 
depths of 10, 20, 50, and 100 fathoms, 8 either from the ship or from- small boats lowered 
for the purpose. Occasionally they were sent down to and dragged at depths of 500, 
1000, and 1500 fathoms.* The contents of the deeper nets were carefully compared with 
the contents of those dragged at the surface and in shallow water. Again^ the organic 
remains found in the deposits at the bottom were carefully compared with the animal a 
captured in the tow-nets on the same day or in the same region. Hundreds of observa- 
tions of this kind, repeated day after day, led to a very accurate conception of the part 
played by surface organisms in determining the nature of the deposits now forming on 
the floor of the ocean at different depths and in different latitudes throughout all parts 
of the world. 

On every occasion during the cruise when the anchor was heaved on board, it was 
carefully inspected, and specimens of the mud which came up on it were examined and 
preserved. Decently Mr. Buchanan anchored one of the telegraph ships in 1600 fathoms 4 
with an anchor specially arranged to bring up a specimen of the deposit (see Fig. 16). 
This was a Tropman anchor, weighing 5 cwts., 6 the flukes being connected by a 
frame to which a canvas bag was laced; with this he obtained over 1 cwt. 8 of 
G-lobigerina Ooze. 

The various contrivances have now been indicated by which information is obtained 
concerning the deposits now forming on the floor of the great oceans and inclosed seas. 
Although there are many modifications in the trawls and dredges not here referred to, 
these are not of any essential importance as regards the information furnished about the 

1 366 to 914 metres. 5 18-3, 36-6, 91-6, and 183 metres. » 914, 1828, and 2742 metres. 

4 2926 metres. 5 263-7 kilogrammes. « eo-7 VilngraTrimcn 
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deposits . 1 The specimen of a deposit brought up at any particular spot may be very 
small, yet when studied with the light thrown on the subject at other stations where a 
largo quantity was procured by the dredge or trawl in addition to that taken in the 
sounding tube, a very correct idea of the nature of 
a deposit can be formed oven from the examination 
of such a small sample. 

As soon as a specimen of a deep-sea deposit 
was procured, it was examined on board by Mr, 

Murray, and notes of the quantity, colour, and the 
general physical characters were enterod in a 
journal. A small quantity of the deposit was then 
shaken up in pure sea water and separated by 
throe decantations, each of which was examined 
in the wot and dry state by the microscope ; 9 the 
organisms, minerals, and other substances present 
were then noted so far as possible, The carbonate 
of lime in the specimen was subsequently removed 
by dilute hydrochloric acid and the residue ex- 
amined with the microscope. In order to examine 
specimens of the deposit and the various decan- 
tations in the dry state, it was found to he a great 
saving of time to saturate those with spirit of wine 
and then bum this off. The appearance of the 



FiCb 16.— -The Anchor Dredge. 


manganese nodules, teeth, bones, and other materials were also carefully noted on being 
taken from the dredge. Mr. Murray’s notes, as well as the large number of specimens 
brought homo with so much care, were all available in the more detailed examination 
which has since been carried on at home during the past fourteen years. 


b. Methods adopted for the Study and Description op the Deposits in the 
Laboratory after the Keturn of the Expedition, 

In the preceding section the various contrivances for raising specimens of marine 
deposits from the bottom of the sea, together with the methods employed in 

1 For an account of more recent modifications in deep-sea apparatus, see Alexander Agassiz, Three Cruises of the 
United States Steamer ‘Blake,’ Boston and New York, 1 888 ; Sigshee, Deep-Sea Sounding and Dredging, Washington, 
1880 ; Prince Albert de Monaco, Recherche dee Animaux Marins, Oompte-Rendudes ScdancesduCongrfcs International 
de Zoologie, p. 133, Paris, 1889 ; Thoulet, Oc6anographie (Statique), Paris, 1890. 

1 The microscopes used most frequently hy Mr. Murray were a Ross binocular .with low powers and a Hartnack with 
high powers ; these were firmly clasped to a small table, fixed securely into the deck of the ship. The seat again wee 
firmly fixed between this table and the wall of the cabin. By this arrangement he could work with advantage even 
in rough weather when the motion of the ship was considerable. 
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the first sorting and examination of the materials on "board ship, hare "been 
indicated. 

It is now proposed to explain in detail the plan adopted in the subsequent detailed 
examination and description of these deposits, — to point out the chemical manipulations 



Fig. 17. — Dredging and Sounding arrangements on board tlie Challenger. 


and microscopic analyses by means of "which the biological and mineralogical nature of 
the deposits was determined. 

The history, of a marine deposit is in general very complex, comprising as it does an 
account of the origin of the deposit, the causes which have brought the varied elements 
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to the spot, and the modifications, physical and chemical, which these have undergone in 
the course of time. Each of the constituent elements, whether organic or inorganic, has, 
again, its own history, and this we have endeavoured to trace by studying their nature, 
form, dimensions, and their relations to each other at the spot from which they have been 
collected by the dredge or sounding tube. Eor this purpose the chemical and micro- 
scopical methods recently introduced into the study of geology have been largely made 
use of. A knowledge of the various particles forming a deposit led to a rational classi- 
fication of marine deposits and to a definite nomenclature, of which we will have to 
speak further on. 

At the outset, the difficulties which surround this kind of study may be pointed out. 
In the first instance the quantity of a deposit procured in the sounding tube may be very 
small, and this, especially whenever of an incoherent nature, has undergone a kind of 
sorting in the tube itself, owing to some of the finer or coarser particles being washed out 
while being hauled up through the water. Again, the specimens preserved in spirit or 
water have undergone sorting by being shaken up during the voyage, so that the contents 
of the bottles are often arranged in layers, the heavier portions being at the bottom and 
the lighter on the top. The specimens artificially dried, when not first washed in 
distilled water, often contained crystals of sulphate of lime and other sea salts. Iu the 
■case of samples from the dredge or trawl there had been, it was evident, much washing 
away while the apparatus was being hauled up through the water ; indeed often all the 
deposit was washed away, and only manganese nodules, teeth, bones, and rock fragments 
remained in the net. It is thus apparent that considerable care was neeessary to ensure 
that, in making analyses or in choosing a sample for determining the percentage of 
carbonate of lime or other elements present, we were working with an average sample. 
As a rule we took for this purpose the specimens collected in the sounding tube and 
dried on hoard ship. "When a difference was noted in the upper and lower layers in the 
sounding tube, these were preserved and examined separately. The results of an 
examination of the specimen from the sounding tube, frequently small in quantity, were 
compared with those obtained from an examination of a very large quantity procured in 
the trawl or dredge at the same spot, often amounting to several hundredweights. 

It is evident, then, that to make the descriptions as clear as possible, it became 
necessary to follow a systematic plan and not to deviate from it. The method finally 
adopted was chosen, after many attempts, as the best, and the one most likely to be 
followed by others in describing deposits that may be hereafter obtained from the ocean’s 
bed. This method will now be referred to in detail, and will be at once rendered intel- 
ligible by reference to the Tables in Chapter II., where the particulars regarding each of 
the Challenger specimens are presented in synoptical form. 

In commencing the examination of a deposit, attention was first given to the 
macroscopic characters. By means of the naked eye or a hand lens, the substance was 
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inspected in the wet and dried condition, and its general aspect, colour, grain, and 
greater or less plasticity in the former state, and its brittleness, cohesion, colour, grain, 
and the streak of the clayey matter in the latter state, were noted. It seemed necessary 
to distinguish the differences in the characters of the substance in the wet and dry 
condition, as these are often considerable, the colour being often deeper in the wet 
material, the condition in which it is usually seen by seamen when brought on board 
ship. Macroscopic examination itself permits a classification of deposits into certain well- 
defined categories, in accordance with their mode of formation and composition. It 
shows in a general way the composition of the deposit, and especially the part taken in 
its composition by organic and inorganic elements. Colour in this relation is important, 
as it frequently enables us to distinguish at once an organic ooze from a mud or clay 
made up chiefly of inorganic materials, especially when taken in combination with the 
grain and other physical peculiarities. 

The colour and other physical characters of the Residue left after the removal of the 
carbonate of lime are likewise important, for they frequently enable us to trace the con- 
nection between a typical Red Clay and the residue present in a Globigerina Ooze, the 
colour of the residue in such an ooze being often entirely masked by tie abundance of 
the calcareous shells ; the colour of this residue is noted, in the tables, in the same column 
as the name and physical characters. Plasticity points out the greater or less abundance 
of clayey matter ; the farinaceous aspect indicates abundance of Diatom frustules ; the 
grain tells as a rule whether the deposit comes from near a coast, from the open sea, 
or from a region affected by floating ice. 

The fundamental characters of a deposit revealed by a macroscopic examination 
become much more definite and precise when followed by a detailed ex amin ation of its 
component particles, commencing with a microscopic examination of the calcareous 
organisms, which were separated by decantations into finer and coarser portions, and 
examined in the wet and dried conditions. This was accomplished by placing the wet 
substance in long clear glass wash bottles, and shaking up with abundance of clean water, 
so as to separate the particles one from another and free them of amorphous matter. 
Subsequently the various produets of decantation, when dry, were passed through sieves 
with very fine meshes. The genera and species of the organisms could in this way be 
determined with great accuracy, and their relative abundance could be estimated In 
over a hundred of the deposits all the calcareous organisms were carefully picked out by 
means of a moistened camel-haii pencil from under the microscope, and then mounted 
on separate slides when the speeies were determined ; this was a work requiring great 
care and patience, and was latterly most successfully and expeditiously performed by Mr. 
Frederick Pearcey, who accompanied the Expedition, and was subsequently assistant in 
the Challenger Office. In this way the Molluscs, Foraminifera, fragments of Polyzoa, 
Annelid tubes, Corals, otoliths of fish, and other calcareous fragments underwent careful 
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examination. The smaller fragments, which could not thus be picked out' and 
examined separately, were searched for under high powers, and the presence or relative 
abundance of Coceospheres, Coccoliths, Ehabdoliths, and amorphous and otter particles 
was noted. 1 

Under the heading Carbonate of Calcium in the Tables, Chapter II., the general 
character of these organisms is indicated in two columns. In the first of these the 
Foraminifera are named, beginning with the pelagic Foraminifera, which make Tip the 
greater part of the carbonate of lime present in most deep-sea deposits. These organisms 
live on the surface of the ocean in vast numbers, and the dead shells accumulate at the 
bottom, forming, when in great abundance, the well-known Globigerina, Ooze ; the pro- 
portion which these make of the whole deposit is estimated after inspection, and the 
figures indica ting this proportion are placed in brackets ( ). In like manner, the 

percentage of the shells of those Foraminifera which live at the bottom -of the sea is 
estimated and placed beneath in the same column. In the second column the kind and 
percentage of other calcareous organisms present in the deposit are indicated in the 
same way. 

In front of the two col um ns giving the names and estimated quantities of the different 
carbonate of lime organisms, is another smaller column under the general 
he adin g Carbonate or Calcium, which gives the total percentage of 
carbonate of calcium present in the deposit. This is obtained by a quan- 
titative determination of the carbonic acid by attacking the sediment 
with dilute hydrochloric acid. What is considered as a fair representa- 
tive sample of the deposit is taken, finely ground, and dried thoroughly 
in an air or water oven at a temperature (in the case of the air-oven) 
of 100 o -110° C., and transferred to a sample tube. A. portion, about 
0*5 to 1 gramme, is weighed directly but quickly, and transferred to the 
large bulb of the carbonic acid apparatus (see Fig. 18). 

This apparatus consists of a bulb (a) of about 3 ozs. (100 e.c.) 
capacity, an acid bulb (&), and a calcium chloride tube (c). The bulb is 
provided with two openings, one as ordinarily is the case, and another 
smaller one blown in the side of the neck. Into the larger opening is fitted an india- 
rubber stopper, through which passes the limb or delivery-tube of the acid bulb. This 
acid bulb is fitted with a ground stop-cock, and holds about half an ounce of dilute 
hydrochloric acid, 1 in 3. Into the smaller opening is fitted another india-rubber 
stopper, into which is fixed an upwardly-inclined calcium chloride tube, filled with 
fragments of fused ealcium chloride, to dry the evolved carbonic aeid gas. The calcium 

1 The minute organising and amorphous calcareous matters here referred to are not, of course, included in the term 
,c fine washings” (p. 23), which we use erclusiyely to indicate the finer portions of the deposit after the removal of the 
carbonate of line * 




16 


THE YOYAGE OP H.M.S. CHALLENGES,. 


chloride is first subjected to a stream of dry C0 2 , so that, when used in the estimation 
of the C0 2 , no error may be introduced by the absorption of the gas. The calcium 
chloride tube is fitted with an india-rubber stopper, in order to exclude the outside air 
when cooling and during the process of weighing. 

The weighed sample is placed in the large bulb, a little water added, the different 
parts adjusted and finally wiped dry, and then the whole is weighed by suspending 
from the beam of the balance by a fine platinum wire. The acid is then run in little 
by little, until all effervescence has ceased ; the contents of the bulb are heated with 
constant shaking to near the boiling point, cooled, and finally weighed, and from the 
loss in weight (weight before experiment minus weight after) the percentage of calcium 
carbonate is calculated. When these analyses were first made, Ludwig’s apparatus was 
used, but this was modified to the present form by the substitution of an ordinary 
calcium chloride tube for the circular basal one, as there was a certain amount of 
inconvenience experienced in heating. 

It may be urged that the determination by carbonic acid, unaided by the oxide of 
calcium test, indicates but approximately the quantity of carbonate of calci um , for the 
deposit may contain carbonates of magnesia and iron. It is sufficient to observe that 
these bodies are only present in very small quantities. Besides, the composition of a 
deposit at the same station and even in the same sample varies sometimes by a quantity 
greater than the error committed. It is true that small quantities of iron, alumina, 
phosphates, &c., are always dissolved in the above process, but this partial dissolu- 
tion has no marked influence on the biological or mineralogical deter mina tions that 
require to be made. This method was then sufficiently exact for our purpose. Complete 
quantitative analyses were made of many of the deposits, but the length of tim e 
required to do this for all samples was not compensated by any real utility in the 
investigation, while in many cases the quantity of a deposit was insufficient for such an 
analysis. 

By thus removing the carbonate of lime with dilute hydrochloric acid from each 
deposit, our descriptions are conveniently divided into two parts, one dealing almost 
exclusively with materials of organic origin— the shells and skeletons of carbonate of 
lime secreting organisms,— and another referring to the part in which the mineral element 
predominates in the great majority of cases ; in some localities, however, there are 
associated with the minerals properly so called, the remains of siliceous organisms, 
together with the silieified casts of calcareous organisms, and these may together or 

separately make up the greater part of the deposit after the removal of the carbonate 
of lime. 

That part of the deposit which remains in the vessel after the removal of the carbonate 
of lime is called in the descriptions Residue. In the examination of this residue the 
heavier particles were separated by decantation and examined by reflected light in the 
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wet and dried states, and subsequently mounted on microscopic slides for examination 
by transmitted light. As a rule the residue from about 1 gramme of the substance 
was taken for examination, so that the evaluations of the various elements present might 
be comparable in different deposits, but often very large quantities of a deposit were 
taken and the carbonate of lime all removed, in order to have a considerable quantity 
of residue for more thorough examination and study. 

The processes made use of in lithology for isolating mineral species by means of 
strong acids, by the action of electro-magnets, by liquids of high density, by sifting, &c., 
have all been used by us with varying success, especially when we desired to get a 
sufficient quantity of a substance for quantitative examination. 

Liquids of high density, such as the compounds of mercury and potassium, and 
borotungstate of cadmium, were useful when dealing with a coarse deposit, but not so in 
dealing with an ordinary deep-sea deposit, where the grains are exceedingly fine, so xuucli 
so, that as a rule it appears to the naked eye as a homogeneous mass. With an ordinary 
magnet and an electro-magnet we were most successful in extracting from a mud or ooze 
all the magnetic particles, such as magnetite, fragments of meteorites, with particles of 
magnetic metals. This was accomplished by placing the magnet, covered with thin 
“ iron " paper, in a porcelain basin, in which the mud or ooze had been well mixed up 
with water, and moving it slowly about, keeping the magnet as near to the bottom of 
the vessel as possible without touching it ; it was then removed into another basin, 
the paper taken carefully off, and the particles washed into a clean basin to clear 
them from extraneous matter, then re-eollected on a slide for examination under the 
microscope. 

The deposit was, after great dilution with clean water, also passed over fixed electro- 
magnets, to collect the magnetic particles, hnt this was not so convenient in practice as 
the above method with movable electro and permanent magnets. 

The very simple process of fractional decantations, practised often and after a regular 
system, proved to be in the end the most useful and expeditious way of preparing the residue 
for microscopic analysis, and it was this process that we followed in all our examinations, 
In this way we were usually able to separate sufficiently the Residue into the three 
portions noted in the table under the headings: 1 . Siliceous Organisms; 2. Minerals; 
3. Fine "Washings. The decantations were performed with glass or porcelain vessels 
and abundance of water. The whole was kept in motion for some time, and then the 
finer particles were poured off carefully, after continued stirring and shaking. The first 
of these decantations gave us the fine washings, in the second the siliceous organisms 
predominated, while the heavier mineral particles remained behind. Each of these were 
mounted on microscopic slides for further examination. 

The figures in the first column of the tables under Residue give the percentage in 
the whole deposit, and is found by subtracting from 100 the quantity of carbonate of 

(dbep-sea. deposits ohall. exp. — 1890 .) 3 
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calcium as determined by analysis. Tie numbers 'within brackets in each of the other 
columns before siliceous organisms, minerals, and jine washings, give the estimated 
abundance of these in the deposit, as in the case of the relative abundance of the various 
carbonate of lime organisms under the heading carbonate of calcium ; in short, all the 
numbers in the tables within brackets ( ) represent the estimated quantity present after 
examination, in contradistinction to those numbers without brackets, which are the result 
of quantitative determination. 

1. Sili ceous Org anism s. — These consist generally of Diatoms, Badiolaria, and Sponge 
spicules of various kinds. The enumeration of the genera of these would much exceed 
the limits necessarily imposed by the style of the table, but full particulars are given in 
the special reports, to which the reader is referred. Under this heading are also grouped 
those Foraminifera, the tests of which are for the most part made up of the inorganic 
particles found in a deposit, like the Astrorhizidse, Lituolidae, &c. There are also placed 
under this heading the glauconitic and other casts of marine organisms which are 
occasionally found in considerable quantity in some deposits, and remain in the residue 
after the removal of the carbonate of calcium; these cannot, of course, he classed 
among siliceous organisms in the same sense as Diatoms, Eadiolarians, and Sponge 
spicules, but their mineralogical characters are indistinct, and for descriptive purposes 
this appears the best place to note their occurrence. These casts bear distinctly, the 
impress of the calcareous organisms, but their chemical composition has not been in all 
cases determined, though in many instances they are probably either a silicate corre- 
sponding to glauconite, or of a phosphatic nature. When glauconite is present with 
well-defined characters, it is placed among the mineral particles. 

2. Minerals. — The fragments of minerals and rocks were examined on slides, first ' 
by reflected light, dry, and then by transmitted light, under the mineralogical microscope. 
Sometimes preparations were mounted in Canada balsam, or the particles were cemented 
together by gum copal, and then rubbed down till thin and transparent, by a process 
analogous to that used in making thin sections of rocks. 1 But this was possible only in 
certain cases, and generally we had to examine the mineral fragments on a slide with 
water, this mode of observation allowing the particles to remain free, and rendering easy 
chemical reactions under the microscope. The mean diameter and form of the mineral 
fragments are stated in all cases, as this is a matter of considerable importance in giving 
a clue as to the agents at work during the formation of the sediment under con- 
sideration. The order in which the species aTe mentioned in the tables is, generally 
speaking, that of their importance or abundance in the deposits. The characters which 
have guided us in diagnosing the mineral species most commonly met with in the deep- 
sea deposits are briefly stated below ; the characters noted under the various species refer 

1 See F. G. Pearcey, Method of Consolidating and Preparing Thin Sections of Friable and Decomposed Roots, 
Sands, Clays, Oozes, and other Granulated Substances, Proc. Roy . Phys. Soc, Min., vol. yiii pp. 295-300, pL 3d., 1884. 
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always to the examination of isolated crystals or fragments of minerals such as are found 
in the deep-sea deposits. There are many characters which are passed over in silence, 
though no less important than the others, but these properties are only shown when the 
minerals are cut into numerous sections in various directions, and therefore but rarely 
seen in such isolated grains. It should also he remembered that the determination is 
much more difficult' because these particles are of Yery small dimensions, are mixed 
with a large quantity of amorphous substances, are generally decomposed and altered by 
chemical or physical agencies, and in this isolated state do not present the associations 
which are met with in crystalline rocks. Only those mineral species that are well 
defined and individualised are mentioned, and their characters given in the following 
short descriptions. When speaking of the “fine washings” we shall indicate some 
of the principal characters of the amorphous matters which are present in the deposits, 
such as clayey matters, oxides of iron and manganese, organic substances, phosphatic 
grains, &c. 

Amphibole. — Hornblende . — Although minerals of the amphibolic group are more or less frequent in the 
deposits it is rather difficult, except in the case of glaucophane, to distinguish the varieties owing to the 
minuteness of the grains and to their clastic nature. We have generally to deal with common or with basaltic 
hornblende. The fragments of these two varieties are generally prismatic, with a perfect cleavage of 124° 
parallel to the prism, high relief and interference colours, the greatest extinction angle rarely exceeding 20*. 
Common hornblende , more or less distinctly prismatic individuals, generally greenish, rarely brownish, colours of 
pleochroism green. Associated, with quartz, epidote, felspar, and other debris of older crystalline rocks. In some 
cases fragments of actinolite axe found as columnar or fibrous aggregates with debris of crystalline or acfcinolite 
schists. Basaltic hornblende, fragments of well-crystallised individuals, sometimes regularly hounded crystals 
coated with volcanic glasB, well-marked cleavage, high lustre on the planes of cleavage, black by reflected and 
brown by transmitted light, strong pleochroism and absorption, small angles of extinction, vitreous inclusions, 
in some cases coating of magnetite and characteristic corrosion. 

Glaucophane . — This -mineral is somewhat rare in the deposits; it is observed in the form of small 
prismatic fragments and is distinguished by its highly-pronounced violet-blue colour, and by the angle of the 
prismatic cleavage, which is the same as for amphibole. The extinction angle on the klinopinakoid does not 
exceed 7°. Strong pleochroism: blue, bluish violet, yellowish grey. Occurs with land debris and fragments 
of mica-schists and gneissic rocks. 

Apatite. — This mineral, rarely found in the deposits, is observed in [the form of hexagonal columnar 
fragments, sometimes in elongated or rounded grains. The surface is corroded and full of small cavities, 
extinction parallel to the length, colourless, or but slightly coloured, in this case pleochroic, high index of 
refraction, considerable relief. Readily soluble in acids, tested by microchemical reaction with molybdate of 
ammonium and by sulphuric acid. These micro chemical reactions were also used in the determination of 
small phosphate concretions and of grains of the same nature. Apatite was found with fragments of older 
crystalline rocks (see chapter on phosphatic nodules). 

Cal cite. — Besides the great number of the remains of organisms or skeletons formed of calcite or of 
aragonite, this mineral is often observed in the deposits bounded by the cleavage planes or as radiated or fibrous 
aggregations. These fragments or concretions of calcite are generally characterised by the twinning parallel to 
- -J- R, or by the cleavage parallel to R, colourless, sometimes coloured with limonite, bluish, yellowish, and 
occasionally milky or almost opaque. Small relief, between crossed nicols presents characteristic irisation, high 
interference colours, stronger absorption of the ordinary ray ; is distinguished by the facility with which it is 
attacked by cold hydrochloric acid Calcite of organic origin can almost always be distinguished by its form 
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and microstructure ; sometimes, as in the case of otoliths offish, Foraminifera, and Mollusc shells, one observes 
between crossed nicols the hlack cross of spherulitic aggregation. 

Chloeite.— Under this name are included all the minerals of the chlorite group. Lamellae or scales more 
ox less curved, with irregular outlines, often with parallel structure, sometimes forming fibro-radiated aggregates. 
Also observed in the form of minute amorphous particles attached to various minerals or coating rock frag- 
ments 3 perfect cleavage parallel to the basal plane; colour green, more or less dark, index of refraction low. 
The lamellae parallel to the cleavage are isotropic, extinction parallel to the cleavage, interference colours 
bluish, pleochroie, fibro-radiated aggregates give the interference cross of spherulites, easily acted upon by 
acids, microchemical reaction of magnesia, iron, and alumina ; becomes opaque, brown,- or blackish when heated 
on a platinum foil Generally found with debris of schistose and of older crystalline rocks, principally 
amphibolic or gneissic, also as coating of some specimens of continental rocks and minerals. 

Ceromite.— Often in small octahedral crystals, more usually as irregular grains; fine splinters are trans- 
parent, reddish brown, or brown. In reflected light black metallic lustre, not magnetic, not attacked by acids, 
reaction of chrome before blowpipe.' Found with debris of crystalline rocks, especially of olivine rocks. 

Delebsite. — F ibrous or fibro-radiated aggregates, often zonary structure, green, yellowish green, brownish, 
double refraction weak, slightly pleochroie. Often observed on fragments of basaltic rocks, of tachylite, or of 
palagonite. Easily acted upon by acids, when heated becomes black or brownish. 

Dolomite. — Sometimes foxmd as aggregations of crystals, which have almost always the outlines of the 
fundamental rhombohedron R, foiming small rock fragments, with saccharoidal structure; colourless or 
brownish, not acted upon by acetic acid or cold dilute hydrochloric acid, microchemical reaction of magnesia. 
Occurs in the deposits as fragments of dolomitic rocks associated with blocks or gravel of older crystalline and 
sedimentary rocks transported by icebergs. 

Epidote.— Generally occurs as fragments of crystals, mostly prismatic, rarely with sharp crystallographic 
faces, elongated parallel to the axis of symmetry, cleavage cracks following M. Sevexal crystals often found 
attached parallelly, sometimes more or less radiated aggregates or grains. Yellowish green colour, sometimes 
almost colourless, uneven surface and strong relief, high interference colours, strong pleochroism: yellow, 
brown, green; extinction parallel to the cleavage, unattacked by cold acids. Occurs with debris of eruptive 
or schistose rocks. 

Felspajrs. — (a) Monodinic . — Generally fragments bounded by the cleavage planes, following P and M, 
intersecting at right angles, colourless or coloured by interpositions, dull or sometimes opaque, in other cases 
glassy. Weak double refraction, low interference colours, no pleochroism nor differences in absorption, 
extinctions of the monoclinic system, twins following the Carlsbad, Raveno, or Manehach laws. Sanidine , 
often in crystals more or less fragmentary, with glassy habit, colourless and transparent, presenting the ordinary 
crystallographic form, tabular parallel to M or prismatic parallel to the edge P/M, separation-planes parallel to 
the orthopinakoid, glass inclusions often regularly disposed. Associated with recent volcanic products, often 
covered entirely or partly with a glassy coating. Orthodase , fragments bounded by cleavage planes, often 
irregular grains, no glassy habit, dull and milky, no glass inclusions, intergrowth with quartz or with triclinic 
felspar, decomposition into kaolin or muscovite, microchemical reaction of potash. Associated in the deposits 
with debris of crystalline schists and of older eruptive rocks. 

(b) Tnclinic. — Microdine , colourless or dull grains or fragments often bounded by the cleavage planes 
parallel to P and M, polysynthetic lanaellse following the albite and pericline laws. In parallel polarised light 
characteristic cross-hatched appearance produced by twin lamellae parallel and perpendicular to P/M. 
Extinction of 15° 30' on P, alterations as for orthoclase. Associated with debris of older eruptive and schisto- 
crystalline rocks. Plagiodase , under this designation a Te included all the triclinic felspars with the exception 
of micro cline. As a rule, in the deposits, the specification of plagiodase by optical determination is difficult 
or uncertain ; when a specification of the plagioclases has been made it is stated in the descriptions. They 
occur in deep-sea deposits in most cases as fragments of crystals often bounded, by the cleavage planes ; when 
they are imbedded in glassy or palagonitic matter, as is frequently the case in the true pelagic deposits, they 
present the ordinary crystallographic forms or are crystallised in very thin tables parallel to M. Polysynthetie 
twinning following the albite law with frequent repetition, and following the pericline law, sometimes Carlsbad 
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twinning together with the twinning according to the albito and poricline laws. Extinctions of triclinic nuncralH, 
zonary structure. The plagioclastic fragments present two kinda of liahit : dull and cloudy with tho debris of 
older eruptive roots, glassy and colourless with those of more rocont eruption and in volcanic ashes ; alteration 
into zeolitic matter, kaolin, mica, and saussurito ; mieroohcmioal reaction of lime and soda. When it was 
altogether impossible, on account of tho alteration or of their minuteness, to determine whether tho felspathic 
fragments were to be referred to the monoclinic or the triclinic felspars wo use tho general tom felnpar. 

Garnet. — Often in rhonibododocahodral crystals or in grains either quite round or angular, irregular 
fracture without cleavage, numerous inclusions of various minerals, occasionally coated with green chloritic or 
serpentinous substance or with phyllitic matter. Generally little altered, isotropic, reddish by transmitted 
light, unacted upon by acid, high index of refraction, strong dispersion. The most frequent varieties in the 
deop-sea deposits aro common garnet, alinandin, and pyrope; .they occur generally with debris of older crystal- 
line and schisto-cxystalline rocks. 

Glauconite.— Grains more or less rounded, sometimes split, often retaining the form of Forarainifera or 
other organisms in which the glauconite has been moulded. The colour by reflected light is yellow, more or 
loss dark green, black or reddish ; by transmitted light it shows greenish or reddish tints. Between crossed 
nicols aggregate polarisation spotted with bluish and yellowish tints, in some oases appears isotropic, numerous 
inclusions, reaction of potash (see description of glauconitic deposits). 

Gypsum. — Generally regularly-bounded crystals, sometimes rounded, perfect cleavage following the 
klinopinakoid, transparent, colourless, greyish or brownish from numerous inclusions of clayey and other 
substances from the bottom. Double refraction strong ; axial plane in the plane of symmetry. In some eases, 
if not in all, these crystals were formed in the bottles containing the deposits preserved in alcohol. 

Hematite. — Generally found as red hematite , as flakes or email granules coating or colouring other 
mineral particles, sometimes isolated in the deposits. Often transparent, red to yellowish. Soluble in strong 
hydrochloric acid. In the deposits this earthy red hematite is very difficult to distinguish from brown hmatite 
or limonite , tho former being frequently- altered Brown hematite, often associated with manganese, is the 
most frequent in. the deposits as brownish amorphous colouring matter, easily soluble in hydrochloric acid. 

Magnetite.— Readily extracted with a weak magnet, angular grains frequently in the form of octahedral 
crystals, sometimes twinned following the spinel law, frequent skeleton crystals and groups of irregular grains, 
opaque, black, with a characteristic bluish metallic lustre. Occasionally a zone of limonite covers the surface of 
these magnetic particles ; often imbedded in volcanic glass, and associated in the same fragment with other 
volcanic minerals such as felspar, augite, hornblende, &c., more rarely with debris of older schisto-crystalline 
rocks and cosmic spherules. Titaniferous magnetite or ilmenite is often found in irregular jagged grains; it is 
distinguished in some cases from true magnetite by a coating of leucoxene. Acted upon by hydrochloric acid, 
it is slowly dissolved, giving a yellowish green solution. 

Mioa. — The minerals of this group are generally distinguished by the naked eye in the deposits; they 
are seen as shining flakes, particularly when the water is being decanted. As it is difficult, or almost im- 
possible, to distinguish the various species of the micas in the deep-sea deposits, we have taken into account 
for a broad distinction the following characters. The particles of mica do not show crystallographic outlines, 
except on the cleavage plane, which is shining; they are perfectly cleavable in thin lamellee parallel to the 
basal plane. More or less transparent in various colours from light yellowish or almost colourless to green, 
brown, or almost opaque, showing brilliant interference colours, optically negative, extinction parallel to the 
cleavage. We divide all the micas into : [a) Blade mica, flakes parallel to the cleavage deep brown or green, 
also red or almost black, in convergent light biaxial character scarcely determinable, very strongly pleochroic, 
the rays vibratiug parallel to the cleavage strongly absorbed. Associated with debris of schisto-crystalline 
and metamorpkic rocks, and of old and recent eruptive rocks. This subdivision comprises hiotite, and probably 
anomite and phlogopite in some cases, (b) White mica, with a silvery lustre, transparent, colourless, light 
yellowish or greenish; no pleochroism, but absorption of the rays parallel to the cleavage. Intense coloration 
between crossed nicols, large axial angle. In some cases sericite is met with in the soundings associated 
with fragments of porphyroids or phyllites ; it is observed as irregularly-bounded flakes, bent and twisted ; the 
- lamellae are irregular. The other characters are the same as for white nnca. The white mica is commonly found 
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with, debris of altered sedimentary or gneissic rocks or with minerals derived from the disintegration of granite. 

It is possible that under the name of white mica not only muscovite and sericite, but other varieties, and also 
altered black mica, are included. Generally speaking, the micas are the less altered of the silicates of the 
deep-sea deposits. 

Olivine.— Almost always irregularly-bounded grains, except when coated with volcanic glass ; in this case 
olivine has the crystallographic forms of this mineral in recent eiuptive rocks ; often skeleton crystals. - Im- 
perfect cleavage following the brachypinakoid and cracks following the macropinakoid. Transparent, colourless, 
greenish ox reddish by alteration, without pleochroism, aud with feehle absorption, high relief; colours of 
polarisation very bright green and red, even for the smallest fragments. Numerous inclusions of fluid, of 
vitreous grains, of magnetite and picotite. Decomposes into serpentinous matter, but generally the alteration 
of olivine in deep-sea deposits is accompanied with a deposition of ferric oxide or hydrous oxide of iron. 
Gelatinises with sulphuric acid. Olivine is fonnd in some exceptional cases with debris of crystalline schists 
or older eruptive rocks, but generally with clastic volcanic minerals aud fragments of basalts, limburgite, 
tachylite, and in volcanic ashes. 

Pyrites. — Sometimes observed in cubic crystals or in the form of pentagonal dodecahedrons, sometimes 
with the characteristic striae of oscillatory combination, sometimes in irregular grains, opaque, yellowish metallic 
lustre or bluish black in reflected light. Occasionally transformed into limonite. 

Pyroxene. — (a) Ehombic, lamellaT aggregates, generally large fragments, are found with older eruptive rock 
debris, short prismatic fragments with products of more recent eruptions. Cleavage following the prism of about 
90°, in some cases also another cleavage parallel to the brachypinakoid. Index of refraction high, low inter- 
ference colours. Extinction parallel to the pinakoidal cleavage. JEnstatite, colourless to grey, yellowish, not 
pleochroic. Bronzite, often flhrous, yellowish to greenish, pleochroic, greyish green, yellowish. These two 
pyroxenes often contain metallic inclusions, inteTgTowth with monoclinic pyroxene. Associated with older 
rock debris, principally with peridotic rocks, and with volcanic ashes of andesitic or trachytie nature. In this 
case the fragments or crystals have often glass inclusions, hut do not show intergrowth with monoclinic pyroxene. 
This or the previous variety found also in cosmic spherules. Eypersthene, greenish, red or brownish fragments 
hounded by cleavage planes, prismatic when associated with the debris of more recent eruptive rocks, inteT- 
growth with monoclinic pyroxene. In the massive variety characteristic tabular inclusions, strong pleochroism. 
Found rarely with debris of older eruptive rocks, in some cases with lapilli or minerals of andesitic or trachytie 
eruptions. 

(b) Monoclmic.—Augite , fragments irregularly bounded or with cleavage planes, often crystals of the 
ordinary form, coated, with volcanic glass, twinning- parallel to the orthopinakoid, cleavage parallel to the prism 
of 87° 6', greenish, yellowish, brownish, purplish, high index of refraction, strong double refraction, oblique 
extinction of 36° 54'. Weak pbochroism : green, yellow, brown ; in some cases not pleochroic. Gaseous or 
glassy inclusions frequent, encloses also crystals and grains of magnetite. Found frequently in the deposits 
with debris of basalts, andesites, &c., in volcanic ashes. Diallage , grains bounded by cleavage faces, cleavage 
parallel to the orthopinakoid, fibrous structure; greenish or brownish, tabular inclusions, double refraction 
strong, maximum extinction angle of about 40°, cleavage plates show one of the systems of polar rings. Associated 
with debris of older eruptive rocks. 

Quartz. — It is generally in the form of quartz that free inorganic silicic acid is found in the deposits; 
particles of jasper, chalcedony, &c., are relatively rare. Only in exceptional instances was quartz observed as 
small crystals bounded by the planes of the hexagonal prism and pyramid, As a general rule the grains of 
this mineral are without any crystallographic outlines ; they are angular or rounded, massive, without cleavage 
planes, with a characteristic conchoidal fracture. After cleaning with acid, the grains are transparent and 
colourless ; some are clouded with inclusions, no traces of alteration, not attacked by acids. The latteT 
characters : absence of cleavage planes, conchoidal fracture, rounded or angular form, without crystallographic 
faces, absence of any decomposition, distinguish at first sight this mineral from felspar. Interference figure of 
monaxial crystals, positive double refraction, in parallel polarised light bright colour, when the fragments 
attain, as they do in some deposits, a certain thickness. In many cases this mineral is characterised by its 
inclusions, sometimes arranged in planes or irregularly disposed, by liquid inclusions, some with carbonic acid 
or with small cubic crystals; sometimes these quartz grains contaiu needles of tourmaline, rutile, scales of 
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hematite, chlorite, &c. The minerals associated with the quartz grains give a clue as to the matrix rock : 
quartz fragments derived from granite are generally characterised hy numerous liquid inclusions, some with 
cubic crystals, the grains have not crystallographic outlines. The same may be said of quartz derived 
from crystalline schists. Quartz of porphyritic rocks, which is very rare, is distinguished in some rare cases 
by its more or less regular outlines, corrosion, and by glassy geometrical inclusions ; moreover, liquid inclusions 
are not so often met with as in granitic quartz. The quartz of clastic rocks is angukr or rounded, the micro- 
structure of the grains being the same as that of the same mineral in the rocks in which it was originally formed. 
Vein quartz presents irregular grains or aggregations of grains containing numerous liquid inclusions, sometimes 
fibrous or milky. Fragments of chalcedony are fibrous with a radiated structure, the fibres being very thin ; 
double refraction negative, aggregate polarisation or spherulitic interference cross. 

The silica derived from organic remains, which, like quartz, plays a very important part in marine deposits, 
behaves, between crossed nicols, like an isotropic body ; to this character must be added the property which 
this variety of silica possesses of preserving, notwithstanding its tenuity or disaggregation, a special organic 
structure (Radiolaria, Diatoms, Sponge spicules). This structure enables us in numerous cases to determine 
the organisms from which the siliceous particles are derived. This variety of silica is soluble in caustic 
potash. 

Rutile. — This mineral is very rarely found in isolated prismatic crystals or in small grains, it is generally 
imbedded in fragments of rocks. In some shore deposits rutile is observed in the form of fine 'needles, or 
fragments of microscopic prismatic crystals often twinned as in the slates. Sometimes these small crystals are 
arranged in groups ( sagenite ), brown or reddish in colour. Doable refraction very strong, high relief and brilliant 
polarisation colours for the smallest particles, not acted upon by acids. Associated with debris of older schisto- 
crystalline rocks, slates, <fcc. 

Serpentine. — Compact or fibrous grains, in some cases mesh- or lattice-structure, yellowish, greenish, or 
brownish ; in the veins, secondary deposition of metallic oxides ; remains of the primitive mineral imbedded in 
the serpentine, birefrangent, colours of chromatic polarisation generally weak; in polarised light the fibrous or 
special structure appears most distinctly. Attacked, by hot hydrochloric acid, and by sulphuric acid, with separa- 
tion of gelatinous silica. 

Tourmaline. — Often found in small prismatic fragments or hemimorphic crystals. Transparent, brownish, 
bluish grey, reddish ox greenish. Strong pleochroism, the ordinary ray very much absorbed, extinction 
parallel to the length, no cleavage but cracks somewhat parallel to the hase, tolerably numerous inclusions 
often grouped together. Unattacked hy ordinary acids. Almost always associated with debris of crystalline 
schists, granitic rocks, slates, & c. 

Zeolites. — Sometimes granular aggregations, isotropic (analcm)j or with rhombohedric cleavage ( chabasite ), 
more frequently divergent or radiated aggregations of small prismatic crystals, exceptionally isolated crystals or 
fragments of crystals bounded by prismatic and pyramidal faces, generally attached to fragments of rocks or 
of volcanic glass; colourless, transparent, low polarisation colours. Easily acted upon hy hydrochloric acid, with 
formation of gelatinous silica. It was only possible in some exceptional cases to give a specification of the 
various zeolites, by microscopical examination or by microchemical reactions (see chapter on formation of 
zeolites in the deep-sea deposits). 

Zircon. — Small quadratic crystals more or less rounded, prismatic but generally short, with indications of 
pyramidal faces. Colourless, yellowish, reddish, strong double refraction, relief very marked, colours of 
polarisation bright red and green, no pleochroism. Sometimes zonary structure, liquid and other inclusions. 
Reaction for zireonia hy fusing with bicarbonate of soda. Found wuth debris of crystalline schists and of older 
and recent eruptive rocks, associated also with quartz grains, and other minerals derived from the disintegration 
of sedimentary rocks. 

The above are the minerals most frequently met with in the deposits, and the micro- 
scopical characters on which we rely for their determination. It is true that all the 
characters used in lithological investigations are not indicated in the foregoing short 
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descriptions, but, as already stated, the nature itself of the deep-sea deposits does not 
allow us to make a practical application of all the resources of microscopical analysis. 
Some other m i neral particles composed of lapilli and fragments of rocks, manganese and 
iron concretions, phosphatic nodules, cosmic spherules, &c., will be described at length in 
the following chapters. 

3. Pine Washings. — It remains now to point out the characteristics of the third part 
of the residue, that denominated fine washings.” This portion comes away with the 
first decantations ; although in these decantations the substances composing the deposit 
are separated, as a rule, according to their specific gravity some particles of a higher 
density are always carried away with the lighter substances on account of their form 
and their very small size. Hence it may be expected that the fine washings obtained 
in this way will be a mixture of various substances in which predominate nevertheless 
the lightest . and the smallest particles of the deposit. The somewhat vague term of 
fine washings appears to be preferable for this part of the residue to a mineralogical 
name, such as clay, for instance. The fine washings are connected intimately with the 
two other groups of materials composing the residue — the siliceous organisms, and the 
mineral particles ; but the small size of these siliceous remains and of the fragments 
of minerals do not, as a rule, permit them to be classed with determinable species, and, 
on the other hand, in this part of the residue the amorphous matter predominates, 
forming, to the naked eye, a kind of homogeneous mass of a decidedly clayey character. 
Under the high powers of the microscope one observes that infinitesimal particles of 
organic and inorganic nature are imbedded in this argillaceous substance, which forms, 
so to speak, the substratum of the whole. Hence in this heterogeneous aggregation, 
which comes under the name of fine washings, may be disting uish ed : — . 

a. Argillaceous matter, forming small lumps with indefinite outlines, not reacting 
between crossed nieols, coloured or slightly tinted by other substances, reddish grey, 
brownish, &e., no gelatinisation with cold acids, after treatment with hydrochloric acid 
becomes more or less colourless, soluble after ebullition in sulphuric acid, heated on a 
platinum foil becomes red, yellowish, brownish, through the decomposition of the organic 
substances and dehydration and oxidation of the iron. Reaction of alumina with cobalt 
solution. The microstructure of this clayey matter is very ind efini te, having, in wet 
preparations, a more or less gelatinous aspect in many instances. The colouring 
substances are manganese and iron, or one of them. The hydrated peroxide of 
manganese, in small microscopic concretions or as a pigment, is brownish, transparent, 
and dissolves in strong hydrochloric acid setting chlorine free. With the manganese are 
generally associated, as the colouring matter of the amorphous substances, oxides of 
iron, chiefly limonite, which are dissolved in cold dilute hydrochloric acid. When this 
iron is not combined with the clay, it appears as small lamellae, as confused aggregations, 
giving to the clayey substance an ochreous or yellowish brown colour. With reflected 
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light, limonite is reddish or deep brown ; after heating these particles become black, 
opaque, and magnetic. Although we can rarely distinguish limonite from red hematite, 
it seems probable that in some cases the latter is represented in the deposits. The 
distinctive characters are that hematite is not at all so soluble in acids ; it is red in 
reflected light and in transmitted light slightly transparent with a reddish tinge. These 
argillaceous matters are mixed up with : — 

b. Organic substances, heated on a platinum foil they disappear or leave cinders, 
not decomposed by hydrochloric acid ; soluble in caustic potash. Generally no organic 
structure is to be seen ; amorphous, colour greenish, yellowish, brown, or grey, between 
crossed nicols behaving as isotropic bodies ; in some cases when exhibiting an organic 
structure they are birefrangent. 

c. Siliceous organisms, owing to their low specific weight (T9 to 2'3), and their small 
size, these are carried away with the fine washings, and are fragments of the siliceous 
organisms found in the deposit. 

d. Mineral particles, fragments of the same' species as mentioned under “ minerals.” 

We see thus that what goes by the name of deep-sea clay has no complete analogy 

with what should be included under the name of pure clay. It is not chemically or, 
physically similar to kaolin, but is more nearly allied to bole-clay, rich in iron and 
manganese, and the clayey matter in the fine washings plays a much less important 
part than might be suspected before microscopical examination. Further on it will be 
shown that the proportion of silica in these clays, and therefore the proportion of silica 
in the fine washings, indicates generally free silica. This is to be attributed to the 
presence of remains of siliceous organisms, or small quartz particles. The fragments of 
minerals which pass away in the first decantations are always less than 0'02 mm. in 
diam eter; their diminutiveness thus makes them float suspended in the water for some 
time, when the latter is agitated by shaking. Particles of this size might perhaps be 
determined in a rock section under the mineralogieal microscope, but this is not possible 
with minute, isolated, irregular, chemically and physically altered, fragments, generally 
without any crystallographic outlines. There is, however, one exception in the case of 
splinters from pumice stone and vitreous volcanic rocks. The structure and form of 
these glassy particles makes them much more readily distinguishable than other mineral 
particles, so that particles even 0-002 mm. in diameter can be recognised. This can 
easily be tested by grinding a piece of pumice to powder in an agate mortar, when it 
will be found that the abundance of gaseous bubbles, the filamentous structure, curvi- 
linear outline and jagged appearance due to the presence of the bubbles, enable the 
minutest fragments to be detected. The fragments from basic and acid pumice can 
even be detected in some cases; the latter yields elongated and nearly colourless 
fragments, while the former shows darker particles, and some of the bubbles are of a 

circular form rather than elongated. 

(deep-sea deposits ohall. exp. — 1890.) 


4 



26 


THE YOYA.G-E OT H.M.S. CZALLENQ-ER. 


To sum up, then, with reference to any one of the examples taken from the Tables 
in Chapter II., it will be observed that the number of the station is first given, then 
follow the date, the position, the depth from which the specimen was obtained, and the 
temperature of the water at the surface and bottom of the sea, when these are known. 

The name given to the deposit is then stated, with the general physical characters, and 
the colour of the residue after the removal of the carbonate of calcium is also noted in the 
same col umn. The footnotes in the tables give the numbers of the analyses of substances 
from each station ; these analyses will be found tabulated in the subsequent chapters, 
References to the specimens figured in the plates are also given in the footnotes. 

Under the heading Carbonate op Calcium: there are three columns, the first giving 
the percentage of this substance in the whole deposit, the figures having been obtained by 
quantitative analysis. In tbe second column the general designations of the Foraminifera 
which secrete lime are given in two groups, the first including those which live on the surface 
of the ocean and whose dead shells accumulate at the bottom of the sea and form by far 
the largest part of the carbonate of lime in oceanic deposits ; the second group includes 
those lime-secreting Fora minif era that pass the whole of their lives at the bottom of 
the sea. Before each of these groups will be found numbers within brackets, giving an 
estimated percentage of the part each plays in making up the whole deposit. In the third 
column will be found an indication of the remains of other lime-secreting organisms 
observed in the deposit, such as pelagic and other Molluscs, otoliths of fish, fragments of 
Echinoderms, calcareous spicules of Alcyonaria, Corals, Ostraeodes, calcareous Algae, &e., 
and the number before this group gives the estimated amount of these in the whole 
deposit. Except when the shells of pelagic Molluscs are present, this group does not 
mak e up a large part of any deposit in water over 200 fathoms 1 in depth. 

Under the heading Residue the first column gives the percentage of the residue in 
the whole deposit, the figures here being obtained by subtracting the weight of carbonate 
of calcium found by analysis in 100 parts of tbe deposit. In the following column is given 
the general designation of the siliceous organisms or their fragments, and the estimated 
percentage of these in the whole deposit. Under this head are included those Foramini- 
fera which build their tests by cementing together the mineral particles of the deposit, 
as well as those internal casts of calcareous organisms which have usually more or less of 
a glauconitic character. In the next column is given the mineral and crystalline 
fragments, with their mean diameter in millimetres, and the estimated part these as a 
whole take in the formation of the deposit. As a rule, the order in which the various 
species of minerals are stated gives an index to their abundance in the deposit, the most 
numerous being stated first, the least numerous last. In the fourth column, under this 
heading, will be found a statement as to tbe bulk and character of the fine washings of 
the residue. The constitution of these is very complex, but is fundamentally of an 

1 366 metres. 
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amorphous clayey character, with exceedingly minute fragments of all tie mineral 
particles and siliceous organisms with oxides of iron and manganese. 

In the last column of the table will be found additional observations with reference 
to the nature of the bottom at the place where the deposits were collected, with other 
brief details. For more easy reference there is placed along the edges of the tables a 
statement as to the regions of the ocean to which the descriptions refer, and at the npper 
left-hand corner of each table there is a reference to the charts and sections in which the 
stations are represented. 

c. Chemical Analyses of the Deposits. 

* During the cruise of the Challenger, Mr. J. Y. Buchanan frequently made (qualitative 
tests of the deposits and of some of the substances found in them, but no detailed 
quantitative analyses could be attempted. In the foregoing sections it has been stated 
that we have not always had recourse to complete and elementary chemical analysis, 
preferring as a general rule microscopic analysis, for these deposits not hawing a constant 
and well-defined composition, did not require for their classification the long operations of 
quantitatiwe analysis. As previously stated, the quantity of carbonate of calcium has in 
every ease been determined, as this afforded a ready and certain means of classing the 
various kinds of deposits. In a great number of eases we have applied quantitative 
methods of chemical analysis with a definite end in view while engaged in the examina- 
tion of the various samples, and in typical examples of all the deposits complete 
qualitative and quantitative analyses have been undertaken by ourselves or other chemists 
acting under our directions. The plan adopted by MM. Kenard, Sipocz, Hornung, and 
Element, in the laboratory of Professor Ludwig of Vienna, or in M. Renard’s laboratory 
at Brussels, may be here referred to in order to prevent repetition. 

Following the method generally adopted at present for the analysis of silicates, three 
samples of the substance were taken. The first served to determine the water, silica, 
alumina, oxide of iron, manganese, magnesia, lime, and eventually cobalt and nickel. . 

With reference to the direct determination of water, this has always been effected 
after the method which we owe to Dr. Sipocz. The substance is dried at 110° C., 
weighed, mixed with three times its weight of alkaline carbonates, and placed in a 
small platinum boat ; the latter is then introduced into a porcelain tube and exposed to 
the action of a heated stove, all the precautions prescribed by Sipocz being taken during 
the operation. 1 Under the influence of the heat of the furnace, the solvents act at 
the same time as the water frees itself ; this latter is driven off by a current of dry air 
and collected in a U-tuhe containing pumice stone saturated with sulphuric acid, 
previously weighed. When the disengagement of the water eeases, the increased weight 

1 Sipocz, Sttmnysh&richte d&r Wiener AJcademie der Wissmsclmfim,, M. lxxvi p, 51, 1877. 
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of the tube shows the quantity of water collected directly, and the solvent process is now 
complete. The boat is withdrawn from the tube and contains a vitreous mass. The 
silica is separated in the usual way after the evaporation to dryness of an acid solution. 
The iron and alumina are precipitated in the form of hydroxides by ammonia. Ebulli- 
tion is maintained until the complete disappearance of the excess of free ammonia, so 
as to keep the manganese in solution ; when the latter body was present in rather con- 
siderable quantities, the separation was effected by means of succinate of ammonia. 

The oxides of iron and alumina weighed together are redissolved in hydrochloric 
acid ; the small quantity of silica which is left undissolved in the acid is then treated 
apart, and the weight of it added to that of the silica obtained before. The iron is 
separated from the alumina by potassium hydrate ; to the filtrate, after the separation of 
the iron and alumina, the direct addition of sulphide of ammonium gives a precipitate 
of sulphide of manganese, which is weighed after calcination in the form of mangano- 
manganic oxide. The calcium is afterwards precipitated in the form of oxalate of 
calcium, and weighed as oxide of calcium? In the filtrate separated from the precipitate 
of oxalate of calcium, the addition of phosphate of ammonium and ammonia produces 
a precipitate of ammonio-magnesia phosphate. Finally, the sulphuric acid is treated in 
the form of sulphate of barium in the last filtrate. 

The second portion of the substance was destined for the determination of the 
protoxide of iron. The substance, dried and weighed, is introduced into a hard glass 
tube in an atmosphere of carbonic acid gas, and mixed with hydrofluoric acid and 
sulphuric acid. The sealed tube is submitted to a temperature of about 100° C. until 
the substance is entirely decomposed ; the solution is then titrated with permanganate 
of potash. 

The third and last portion of the substance is used for the determination of the 
alkalies. This part, weighed and dried, is submitted to the action of sulphuric and 
hydrofluoric acids in a platinum capsule ; after evaporation with acids and calcination, 
the substance is treated with hydrochloric acid. The manganese is precipitated by 
baryta, and the excess of baryta by ammonia and carbonate of ammonia. A solution 
is thus obtained, containing the alkaline chlorides and excess of carbonate of ammonia ; 
the latter is got rid of by calcination. The last traces of magnesia are eliminated by 
oxide of mercury ; the chlorides are weighed together. To the solution cont aining the 
chlorides of sodium and potassium is added chloride of platinum, in order to separate the 
potassium as chloro-platinate, which is weighed in a glass filter after dessication. From 
the weight of the chloro-platinate of potassium, the quantity of chloride of potassium 
is deduced. The weight of chloride of sodium is obtained by difference. 

In certain cases, when it became necessary to estimate quantitatively the various 
substances forming the residue, a large quantity of the deposit was treated with very 
dilute hydrochloric add, taking care that the operation should take place without 
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exceeding a' weak acid reaction ; after the elimination of the carbonates, phosphates, and 
sulphates, the residue was analysed as described above. 

A considerable number of sharks’ teeth, bones of Cetaceans, and manganese nodules 
were selected by Mr. Murray and sent to Professor Dittmar, F.R.S., for analysis. This 
able chemist has himself given an account of the methods he has employed, and these 
will be stated in the various places where his results are discussed, throughout the body 
of this Report. The same chemist also made, at the request of the editor of the reports, 
experiments to establish the state of oxidation of the manganese in the deposits, and 
gives a full account of his methods. 

Soon after the return of the Expedition, Mr. Murray selected, at the request of the 
late Sir C. Wyville Thomson, a rather extensive series of typical deposits, rocks, 
manganese nodules, and other substances, which were all sent to the late Professor 
Brazier of the University of Aberdeen for analysis. These will be found interpolated 
throughout the body of this work. These various deposits and concretions were analysed 
by submitting the substances to the hydrochloric acid test ; the part dissolved in the 
acid was analysed separately, and the residue of this experiment was afterwards treated 
by solvents.^ 


d . Materials available and made use oe during the Investigation. 

It seems desirable, in concluding this introduction on the methods we have employed 
in this research on the nature and distribution of deep-sea deposits, to say a few words 
on the specimens and collections at our disposal during the investigation. While many 
thousands of samples of deposits have been examined by us from nearly every part of 
the great ocean basins, only those collected during the voyage of H.M.S. Challenger 
have been described in detail in the following tables. After much reflection it was 
deemed advisable to limit the descriptions to the Challenger collections, as they formed 
the basis of the whole inquiry. All the specimens were collected and labelled with great 
care i mm ediately after they were brought up from the bottom of the ocean,, and the 
conditions under which they were found were carefully noted. The quantity of the 
deposit procured at each station by the sounding tube, the trawl, and the dredge was as 

1 Professor Brazier says : — “The deposits in these analyses were treated as earths by me, and after digestion in 
hydrochloric acid, were evaporated to dryness and subsequently re-dissolved as far as possible ; the insoluble residue, 
after weighing, was treated with boiling caustic potash, and so much of the residue as was then dissolved was looked upon 
as silica of easy combination, and classed along with the bodies soluble originally in hydrochloric acid. Where Diatoms, 
and other siliceous organisms were present, I was puzzled to know in what state the silica existed at the bottom of the 
ocean, for in the analyses of these deposits there was little for it to be combined with. In such cases the silica dissolved 
by caustic potash must very closely represent the siliceous organic matter present. I need not mention that the silica, 
with alumina and iron remaining insoluble in the potash, was simply rocky grit. Apparently, some allowance should 
be made for small portions of silica derived from easily decomposed minerals yielding sesquioxide of iron and 
alumina.” 
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a rule much larger than in the case of any other collection of deep-sea deposits, and 
they covered such, a ■wide area in. all the principal ocean "basins that they must be 
regarded as fairly representative of all the deposits now forming on the floor of the 
ocean. The detailed study of these large samples has thrown so much light on the 
subject that it has been possible to interpret with great certainty the nature of the 
deposit in those regions where only a relatively small quantity of the mud, ooze, or day 
ha3 been obtained by other expeditions. Indeed, the number of samples of deposits that 
have been sent to us from British and foreign ships and expeditions, which we have 
examined in the maimer set forth in the following tables, greatly exceed those collected 
by the Challenger ; in all, these have amounted to many thousands, and will be made* 
use of in verifying all general conclusions. 1 * * * * * * * In this way we have had an opportunity of 
examining personally deposits from nearly every region of the great ocean basins, and 
from nearly all the enclosed or partially enclosed seas. An investigation, extending over 
so wide a field and occupying so long a time, necessarily involved a great amount of 
labour and patience, but led in the long run to a great familiarity with and knowledge 
of deep-sea deposits as a whole, and their distribution in existing seas. 


e. Leading- Chabacteeistics op Deposits ebom different Localities. 

After a careful examination of a deep-sea deposit, following the method explained in 
the foregoing pages, it is even possible to state with a very considerable degree of 
certainty the region of the ocean in which it was formed, as well as to state approxi- 
mately the depth and distance from land at which it was procured by the sounding tube, 
dredge, or trawl. Indeed, we frequently requested our assistants to select for us a sample 


1 In addition to the Challenger collections, the following among other collections have passed through our hands: 
— The very large and important collection made by the U.S.S. “Tuscarora” throughout the hasin of the great Pacific 
Ocean in 1878-78 ; a collection by the U.S.S. “Gettysburg” in the Atlantic in 1876 ; a large and important collection 
made by the U.S.S . u Blake” in the Caribbean Sea, Gulf of Mexico, and along the eastern coasts of America, 1877-82; 
a very extensive collection, from the steamships “ Silvertown/’ “International,” “Dacia,” and “Buccaneer/’ belonging to 
the India-rubber, Gutta-percha, and Telegraph Works 9 Company, Silvertown, 1884-86, along the western coasts of 
Africa, around the Cape Verde and Canary Islands, and about the West Indies; several large collections from the ships 
of the Telegraph Construction and Maintenance Company in 1879-85, along the eastern coasts of Africa, in the 
Indian Ocean, and in the Pacific Eastern Seas, and in the South and North Atlantic ; many valuable and important 
collections received through the Hydrographer of the Admiralty, from Her Majesty’s surveying ships “ Sylvia/ 9 Red 

Sea, 1886; “Seine,” Indian Ocean, 1885 ; “Egeria/ Indian Ocean, 1887, and South Pacific, 1887-89 ; “Myrmidon,” 

CoTal Sea, 1887 ; “ Eambler” Indian and Pacific Oceans, 1888-90; “Valorous/’ North Atlantic, 1870-75; “Investi- 
gator,” Bay of Bengal and Indian Ocean, 1886-89; “Alert,” South Pacific, 1880; “Flying Fish,” Indian Ocean, 1887; 

“Stork,” Indian Ocean, 1888; “Triton,” Faroe Channel and North Sea, 1882-84; “Bulldog,” North. Atlantic, 1860; 

“Porcupine/ North Atlantic, 1869-70; “ Lightning,” North Atlantic, 1868 ; “ Nassau,” Indian Ocean, 1876; “ Argus/’ 

North Atlantic, 1879; “Swallow” and “Dove,” Yellow Sea, 1865-66; “Dart,” Pacific Ocean, 1857. We have also 

received specimens, or have been permitted to examine them at different times, from the Norwegian North Atlantic 

Expedition, Mares’ North Polar Expedition, Ross’s Antarctic Expedition, “ Talisman ” Expedition, “Gazelle” Expedi- 

tion, “Hassler ” Expedition, and the TJ.S. Fish Commission, as well as from other sources. 
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from among several thousands, "but not to give us the slightest indication of the ocean or 
depth from which the specimen was obtained. After examination, we have then marked 
regions on the chart in which we believed it was collected, stating at the same time the 
probable depth. In the great majority of cases, in about nine out of ten trials, the 
position could he stated within a few hundred miles and the depth within a few hundred 
fathoms. A few of the considerations on which we relied in making such determinations 
may fitly terminate this chapter on the methods of study. 

The presence of large numbers of Pteropod and Eeteropod shells indicates tropical or 
subtropical regions, and relatively shallow depths. Abundance of the shells of pelagic 
Poraminifera indicates the same regions, "but when found without the shells of pelagic 
Molluscs they indicate a greater depth than when these latter are present. A very few 
fragments of these pelagic organisms, and consequently a low percentage of carbonate of 
lime, with abundance of the red and yellow oxides of iron and the "black oxide of 
manganese, point out again still greater depths in the tropical regions. The presence 
or absence, and the size, of Rhabdoliths, Coccoliths, and Coccospheres give important 
indications as to latitude and depth — the first predominating in tropical regions, 
the two latter being better developed in temperate regions, and all disappear from the 
deposits as the polar waters are approached. Take again the remains of those lime- 
secreting organisms that habitually live at the bottom of the sea, such as Foraminifera, 
Polyzoa, Ostracodes, Molluscs, Corals, Annelids, and Algae. The greater or less abund- 
ance of these in a deposit give most useful indications as to the depth and the distance 
from land at which the specimen was collected. These organisms are as a whole more 
abundant and better developed in shallow water, and in both these respects a change is 
observed in their fragmentary remains in greater depths and at a greater distance from 
land. Some species, however, denote, when present in abundance, ranges of depth. The 
greater or less abundance of some of the remains of the pelagic species give indications 
as to longitude ; for instance, some pelagic species of Foraminifera are much more indi- 
cative of au Atlantic deposit than of a deposit from a similar latitude and depth in the 
Pacific. 

In the same way the remains of siliceous organisms may furnish information as to 
depth an d locality. The frustules of the large Diatom Etftmodiscus, Castracane, is quite 
characteristic of some of the deepest tropical Fed Clays and Radiolarian Oozes far from 
land ; it is quite absent in temperate and polar regions. A typical Diatom Ooze is only 
found in the neighbourhood of the great Southern Oeean surrounding the Antarctic 
continent, although some deposits that might be called Diatom Oozes are found in the 
most northern parts of the Pacific. A typical Radiolarian Ooze is limited to certain of 
the deeper tropical and subtropical portions of the Indian and Pacific Oceans. 

When we consider the mineral particles, they too testify as to the conditions under 
whieh the deposit was formed Typical glauconite and glauconitic casts appear to he 
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limited to deposits now forming in relatively shallow depths in more or less close 
proximity to continental land, and especially along those high and bold coasts that are 
removed to some distance from the embouchures of rivers bearing abundance of fine 
silt into the ocean. Phosphatic and glauconitic nodules appear also to be indicative of 
deep water off continental shores. 

In typical oceanic deposits, should there be any casts of the calcareous organisms, 
these are with few exceptions imperfect or mere skeletons, and are always of a reddish 
colour from the presence of ferric oxide. Quartz particles are relatively rare, or absent, 
in deposits far removed from the continents, with the exception of those regions affected 
by floating ice. They are, however, abundant along many continental shores for many 
miles seawards. Small round wind-borne fragments of quartz and other minerals are, 
however, found in the deposits many hundreds of miles to the west of the northern 
shores of Africa and off the shores of Australia. The size and nature of the mineral 
particles in an organic ooze, as well as the colour and amount of the amorphous clayey 
matter, or fine washings of our descriptions, very frequently enable us to tell the 
position from which the specimen was collected. Volcanic fragments, and especially 
glassy fragments and pieces of -pumice stone, are in many cases markedly indicative of 
a deep-sea deposit ; for instance, when these have undergone decomposition and are 
associated with nodules of manganese peroxide, sharks’ teeth, bones of whales and cosmic 
spherules, we are sure that the specimen must have eome from the greatest depths 
of the ocean, far removed from large masses of continental land. 

Such are some of the main points on which we would rely for determining the position 
and depth from which a specimen of any deposit might have been procured were these 
unknown, but there are many others which have not been touched upon. Enough has 
been said, however, to show that at the present time a careful study of a deposit enables 
us to state with much precision the conditions under which it must have been laid down. 

The application of the same reasoning to those geological strata which resemble 
modem marine formations is at once apparent. 



OHAPTEE II. 


ON THE NATURE AND COMPOSITION OF THE SPECIMENS OF DEEP-SEA 
DEPOSITS COLLECTED DURING THE CHALLENGER EXPEDITION, AND 
THEIR YARIATIONS WITH CHANGE OF CONDITIONS. 

In this chapter each specimen of marine deposit collected during the Challenger 
Expedition is described with, considerable detail in a series of Synoptical Tables, and 
these Tables are followed by observations indicating the more striking -variations which 
these deposits undergo with a change in the depth, in latitude, in the temperature of the 
surface waters, and in the distance from continental and other lands. 

oc . Synoptical Tables. 

In Chapter I. the methods followed in the macroscopic and microscopic examination, 
as well as in the chemical analyses of the deposits, have been pointed out. The results 
obtained by the application of these methods to the study of the Challenger collections 
are set forth in the following Synoptical Tables, which form a methodical repertory of 
the facts observed at each of the Challenger’s sounding and dredging stations in so far 
as these refer to the deposits now in process of formation. The descriptions follow the 
order in which the specimens were collected during the voyage. The specimens have all 
been treated in a uniform manner, and it is believed that these Tables contain all essen- 
tial details regarding the characteristic properties of each specimen of the deposits. The 
numbers of the stations correspond to those on the charts and diagrams at the end of the 
volume, in which the temperature conditions and the geographical and bathymetrical 
distribution of the deposits are represented. The reader is referred to the previous 
chapter for a definition of all the terms and headings made use of in the tables . 1 

The facts summarised in these Tables serve as a foundation for the descriptions in 
Chapter III. , where eaeh type of Deep-Sea Deposit is considered in its ensemble, and for 
the conclusions in subsequent chapters where the origin of the materials which make np 
these deposits is discussed. In addition, however, to the Challenger collections, a very 
large number of samples from other expeditions and from many other regions of the 
ocean, have been examined in a similar manner, and hare likewise served as a foundation 
for all general conclusions. 


(DEBP-SEA DEPOSITS CSAI-iL. EXP. — 1 890.) 


1 See page 26. 
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See Charts 2 and S. 


li 

Date. 

Position. 


Temperature 
of the Sea- 
water 
CFahr.). 


Designation and Physloal Characters. 

Carbonate or Calcium. 

I 1 




11 

Bottom 

Surface 



Per cent. 

PoramlnUera. 

Other Organisms. 

I 

1873 
Deo. 80 

Off/ 

41 68 0 N. 

8 4? 0 % 

1126 

o 

o 

Blub Mud, .... 

... 

Globigervna, Pulvinulina, 

Coccolitlis, Oocoospheres. 

U 

1878 
Jae. 1 

40 26 0 N. 

9 88 80 W. 

825 

620 

67-0 






IB 

II 

1 

40 24 0 N. 

9 46 0W. 

780 

49’0 

67-0 


-Hard Ground, 

... 

... 

... 

Io 

II 

X 

40 28 0 S’. 

9 48 0W. 

950 

... 

67*0 

- 





Id 

11 

2 

89 66 0 % 
10 6 0W, 

197? 

... 

67-0 


... 

... 

... 

... 

II 

II 

13 

88 10 0 N, 

9 14 0W. 

470 

... 

67-0 


Grben Mud, green-grey 'when 
dry, granular. 

[40-00] 

(10*00%), Qlobigerinidffi, Pul- 
mnulinct. 

(15*00 %), Miliolidee, Textularta , , 
LagemdiB. 

(16*00 %), OtolithB and teeth of 
fish, Gasteropoda, Cirripodia 
platos, Ostraoodos, fragments 
of Ecliinoderms, CoecolithB. 

IU 

1) 

13 

88 6 0 N. 

9 89 0W. 

1270 

... 

67-0 


Grben Mud, .... 

... 



IlB 

IIo 

n 

n 

14 

14 

88 81 0 N. 

9 81 0W. 

88 28 0 N. 

9 86 0 W. 

84 

280 

... 

67-0 

67 ’0 


- Green Muds, 

... 

A - few Globigerinidffi and other 
Foraminifera. 

Fragments of Gasteropoda. 

IlD 

ii 

14 

88 26 0 N. 

9 88 0 W. 

60Q 

62'0 

67-6 


Green Sand, greenish grey when 
dry, Jlnoly granular, eartliy. 
Residue dark yellow-green. 

31-81 

(12*00 %), Globigerinidffi, PiU - 
vtnulina. 

(15 -00 %), Toxtularidoe, Lagenidai, 
Rotalidro, Nummulinidaj. 

(4*81 %), Ijamollibranchs, Ostra* 
codoH, Echinodorm fragments, 
Polyzoa. 

llE 

n 

14 

88 22 80 N. 

9 44 0 W. 

1290 

... 

67-0 


Blue Mud, greyish when dry, 
plastic, coherent, lustrous 
streak. 

Residue red-brown. 

10*00 

(10*00 %), Globigerinidm, Pul- 
vinulina. 

(5*00%), Tcxtidaria , Uvigcrina , 
Nonionvm. 

(4-00 %), Echinoderm fragments, 
Polyzoa, Coccolitlis. 

IIf 

if 

14 

88 14 26 N, 

9 49 42 W. 

1475 

87-e 

67'6 


Blub Mud, light grey whon dry, 
vory coherent, plastic, lustrous 
streak. 

Residue rod-brown. 

26-50 

(20-00 %), Globigerinidffi, Pul- 
vinulina. 

(1-00 %), Uvigerinu, Discorbina. 

(6-60 %), Echinodorm fragments, 
Coocoliths, a fow Rhabuoliths. 

i—i 
i — i 

p 

ii 

14 

88 9 48 N. 

9 48 0 W. 

1880 

38'0 

67 '6 


Blub Mud, light grey when dry, 
very coherent, plastic, earthy. 
Residue rod-crown, iioocu- 
lont. 

28-80 

(20*00 %), Globigerinidffi, Pul- 
vinulincu 

(1*00%), Uvigerina , Truncatvlina. 

(7*80 %), Echini spines, Cocco- 
liths, Rhabdolitlis. 

IlH 

i> 

14 

87 66 0 N. 
10 8 OW. 

1800 

87-0 

67 "0 


Blub Mud, grey whon dry, 
plastio, coherent, earthy, vory 
line groined, breaking up in 
water. 

Residue red-brown. 

19-88 

(16-00 %), Globigerinidffi, Pul- 
wnulina. 

(1 -00 %), Rotalidffi. 

(2*88 %), Ostracodes, Echinoderm 
fragments, Cocooliths, a few 
Rhabdoliths. 

IIJ 

ii 

16 

87 1 46 N. 
9 28 46 W. 

1000 

89 “6 

69 '6 


Green Mud, grey whon dry, 
plastic, coherent, earthy, break- 
ing up in water. 

Residue yellow-brown, floc- 
culent. 

18-88 

(6*00 %), Globigerinidffi, Pul- 
vinulina . 

(8-00 %), MilioM na, Textularidro, 
Lagenidre, Rotalidee, Nonionitia. 

(4*88 %), Gasteropoda. Strpda, 
LamollibTanchs, Ostracodes, 
Echinoderm fragments, Poly- 
zoa, Ooccoliths. 
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Residue. 

Additional Observations. 

Per oent. 

Siliceous Organisms. 

Minerals. 

Pine Washings. 


j ... 


Small mineral particles. 

Much amorphous dayey matter. 

Oh this occasion the first sounding and dredging were ^ 
taken by the Challenger ; they were quite successful, 
the dredge bringing up several Eohinoderms and Crus- 
taceans, out this and several of the subsequent sound- 
ings were trials of the apparatus, and frequently none 
of the deposit was obtained or preserved. 

I 


... 

... 

In each of these soundings the tube brought up' no indi- i 
Cation of the nature of the bottom. The dredge, whioh 
was put over in 1000 fathoms, come up empty. 

j ... 

... 

... 

... 

Both the sounding line and dredging line broke In 
heaving in. 

[60-00] 

(40*00%), Sponge spicules, As- 
trorliizidro, Haplophragmiwr^ 
glauconitio casts, a few Dia- 
toms. 

(30*00%); Quartz, mica, felspar, 
glauconite. 

(10*00%), Amorphous matter, 
mineral and siliceous re- 
mains. 

Over one hundredweight (50 kilogrammes) of this deposit 
was obtained by the dredge. The percentages have 
been approximated, there being too little preserved 
for analysis. Light green glauconitic casts of the 
Foramimfera remained after treatment with aoicL 


... 

... 

... 

The dredge brought Up mud muoh the same as at 470 i 
fathoms, which was twenty-five miles farther east ; 

i 



Many mineral partioles with 
glauconite. 

Amorphous matter. 

Those deposits contained a good deal of glauconite, but 
none was preserved for subsequent examination. 

6819 

(10*00 %), Sponge spicules, glau- 
conitio casts, Diatoms. 

(40*00 %), m. di. 0*20 mm., 
angular; quartz, felspar, glau- 
conite, mica, magnetite. 

(18*19 %), many minute mineral 
particles, clayey and orgariio 
matter. 

The shells of the larger organisms in this deposit are i 
fragmentary. Many beautiful glauconitio casts of Fora- -! 
minifera and other organisms remained after treatment ' 
with dilute hydrochloric acid. 

81*00 

(5-00 %), glauconitic casts and 
a few siliceous spicules of 
Sponges. 

(10-00 %), m, di. 0*10 mm., 
angular ; quartz, dark and 
pale glauconite, felspar, mica, 
magnetite. 

(06*00 %), amorphous matter, 
hue mineral particles and 
minute fragments of siliceous 
spicules. 

This deposit contains muoh amorphous clayey matter. 

All the Foramimfera are very small and much broken. 
Glauconitio matter is less abundant than at previous . 
stations. i 

73*60 

(3 -00 %), a few glauconitio oasts, 
arenaceous Foraminifera, and 
siliceous Sponge spicules. 

(6'00%), m. di. 0*07 mm., 
angular; quartz grains, mica, 
felspar, a few glauconitio 
particles, tourmaline, a few 
glassy volcanic fragments. 

(06*60 %), amorphous mattor 
and numerous fine mineral 
partioles. ' 

Some two or three bright green imperfect casts of Fora- ; 
minifera remained after treatment with dilute acid. : 
Coccoliths are abundant and large. 

71-14 

(1*00%), siliceous Sponge spicules, 
arenaceous Foramimfera, a few 
glauconitic casts. 

(5-00 %), m. di. 0*00 mm., 
i angular ; felspar, mica, some 
glassy volcanic particles, one 
or two quartz and glauconitic 
grains. 

(66*14 %), amorphous matter, 
many minute mineral par- 
ticles. 

One or two dark green glauconitic casts of Foraminifera 
remained after treatment with dilute acid. Coccoliths 
are abundant and large. 

80*12 

(1*00 %), a few siliceous Sp6nge 
spicules, jR Juthdcmmiria, 

(10*00 %), m. di. 0*06 mm;, 
angular ; felspar, angite, horn- 
blende, mica, magnetite, 
quartz, tourmaline, a few 
glassy volcanic fragments. 

(09*12%), amorphous matter, 
many fine mineral particles, 
a few minute fragments of 
siliceous organisms. 

shallower water nearer shore it is "relatively abundant. 

81*12 

i 

(2*00 %), glauconitio oasts, 
Sponge spioules, Haploph- 
ragmium. 

t (26*00 %), di 0*08 mm., 

angular and rounded ; quartz, 
w , felspar, mica, magnetite, au- 
gite, glauconite, glassy volcanic 
fragments. 

(64*12 %), amorphous matter, 
many fine mineral particles 
and minute fragments of 
siliceous organisms. 

The mineral particles of this deposit are angular, except i 
the glauconite and some of the large quartz grains, 
which are more or less rounded. Many glauconitio 
grains and casts of Foraminifera and other organisms 
remained after treatment with dilute acid, chiefly of a , 
dark green colour. J 


England to Gibraltar. 





England to Gibral- 

Off Madeira. Gibraltar to Madeira. tat — corUmueZ 
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See Charts 2, 8, and 4. 




Position- 

y 
** ; 

Temperature 
of the Sea- 
water 
(Fahr.). 

Designation and Physical Characters. 

Carbonate on Oalottjm. 




Jottom 

Surface 


Per cent 

Poraminlfera. 

Other Organisms. 

tin 

1878 
Jan. 16 

o in 

88 68 60 N. 

9 14 20 W. 

525 

o 

64-0 

e 

60-0 



t 


in 

» 15 

87 2 ON. 

9 14 0¥. 

900 

... 

60 '0 

■GreenSands,. 

... 

Globigerinidffl and other Fora- 
mimfera. 

Fragments of Echinodenns, Mol- 
luscs, &c. 

17 

„ 16 

88 26 0 N. 

8 12 OW. 

. 600 

... 

60*0 

- 1 


* 


r v 

28 

86 47 0 N. 

8 28 OW. 

1000 

88 -6 

61-0 

Globigerina Ooze, pale yellow 
with, rose tinge, slightly co- 
herent when dry. 

Residue red. 

00-84 

(60-00 %), Globigerinidffl, Pul - 
vmili/m. 

(1 -00 %), Biloculina, Textularidce, 
TrunccMina. 

(6 -84 %), Ostracodes, Echini 
spines, Coccoliths, Rhabdo- 
liths. 

Va 

29 

86 18 0 N. 
10 7 OW. 

2500 

... 

59*0 

... 


... 

••• 

VI 

„ 80 

86 28 ON. 
11 18 0 W. 

1525 

80*0 

68-0 

Globigerina Ooze, red-grev 
when wet, white , with pint 
tinge when dry, finely granu- 
lar, slightly coherent, breaking 

67-64 

(60*00 %), Globigerinidm, Pul- 
vinulina. 

(1 *00 %), Biloculina , Textu- 
laridee, Lagena. 

(0*54 %), Ostracodes, Echini 
spines, Polyzoa, Coccoliths, 
Rhabdoliths. 







up rea3ily*in water. # 

Residue red. 



YII 

„ 81 

36 20 0 N. 
18 4 OW. 

2125 

87 '0 

00 '0 

Globigerina Ooze, . 


... 

... 

VI 1 A 

Feb. 1 

34 4 ON. 
14 18 0W. 

2250 

37-0 

01-0 

Globigerina Ooze, yellow when 
wet, white when dry, finely 
granular, pulverulent 

Residue red. 

74-77 

(65*00 %), Globigerinidffl, Pul- 
vinulina, 

(1 -00 %), Biloculina , Textularidce, 
Lagenidffl, Rotalidse. 

(8*77%), Eohini spines, Polyzoa, 
Coccoliths, Rhabdoliths. 

YIIb 

2 

32 48 0 N. 
16 62 0W. 

2225 

37-0 

63*0 

Globigerina Ooze, yellowish, 
granular, slightly coherent, 
breaking up readily in water. 
Residue red-brown. 

63-18 

(45*00 %), Globigerinidffl, Pul - 
vinulina. 

(1-00 %), Miliolid®, Textularidce, 
Lagenidffl, Truncatulina, Pfoni- 
onina, ^ 

(7'13 %), Lamellibranchs, Ostra- 
codes, Echini spines, Polyzoa, 
Coccoliths, Rhabdoliths. 

r Vila 

>> 2 

82 21 0 N. 
16 24 OW. 

670 

46-8 

68-0 

Calcareous Sand, brown, coarse. 
Residue red-brown. 

96-27 

(5‘00 %), Globigerinidffl, Pul- 
vinulina. 

(8 ‘00 %), Miliolidm, Textularidce, 
Lagenidffl, Rotalidce, Polystom- 
dla. 

(88-27 %), Otoliths and teeth of 
fish, S&rpula , Gasteropoda, 

Lamellibranchs, Pteropods, 
Heteropods, Ostracodes, Oirri- 
peds, Eohinoderm fragments, 
Corals, Polyzoa. 

YIId 

- 

2 

32 16 0 N. 
16 28 OW. 

‘ 1150 


64-0 

Volcanic Mud, pale grey when 
dry, granular, pulvernlent. 
Residue brown-grey. 

88*40 

(26*00 %), Globigerinidffl, PvX- 
vinulina. 

(3*00 %), Textularidce, Uvigerina, 
Tmncafodina. 

(10*40 %), Gasteropoda, Lamelli- 
branchs, Pteropods, Hetero- 
pods, Ostracodes, Echini 
spines, Polyzoa, Coccoliths. 

VllE 

„ 2 

82 20 16 N. 
16 82 OW. 

980 

48-6 

88*5 

Volcanic Mud, grey-brown, 
granular, slightly coherent, 
earthy. 

Residue red. 

29-20 

(22*00 %), Globigerinidffl, Pul - 
vinulina. 

(1-00 %), Miliolidffl, Bolvwna, 
Truncatulina. 

(0-20 %), Gasteropoda, Lamelli- 
hranchs, Pteropods, Ostracodes, 
Echini spines, Polyzoa, Coo- 
coliths, Rhabdoliths. 
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BESEDUH. 

Additional Observations. 

Per cent. 

SiUoQons Organisms. 

Minerals. 

Fine Washings. 


... 

Sponge spicules and Diatoms. 

Quartz, felspar, glauconite, mica, 
magnetite. 

Amorphous clayey and organic 
matter. 

The deposits in these soundings were nearly the same as 
at 660 fathoms on January 14 (Station IId), but none 
was preserved for subsequent examination. From 900 
fathoms the dredge came up full of mud. 

83 '16 

(2 '00 %), a few Radiolaria and 
Sponge spicules, one or two 
arenaceous Foraminifera, a few 
imperfect casts. 

(2*00%), m. di. 0*06 mm., 
angular; felspar, augite, horn- 
blende, tourmaline, glassy 
volcanic particles, quartz 
sometimes rounded. 

(29*16 %), amorphous matter, 
many minute fragments of 
minerals and siliceous organ- 
isms. 

# 

* 

A few imperfect casta of pelagic Foraminifera remained 
after treatment with dilute acid. Only one or two of 
the organisms are macroscopic. 


... 

... 

... 

No deposit obtained j line carried away. 

82-46 

(1*00 %), a few Radiolaria, 
Sponge spicules, Lituolidoo. 

(6-00 %), m. di. 0‘07 mm., 
angular ; lapilli, felspar, 
augite, magnetite, glossy vol- 
canic fragments, pumice. 

(26*46 %), ferruginous amor- 
phous matter, fragments 
of minerals and fine por- 
tions of siliceous organ- 
isms. 

A few particles of volcanic rocks measured 0*16 mm, 
in diameter or larger. Much magnetite and many 
brown altered glassy particles were observed. 

... 

... 

••• , 

... 

Deposit quite similar to the next. Trawl brought up 
several specimens. 

25 '23 

(1*00 %), Radiolaria, a few 
Sponge spicules, Haplophrag - 
mium. 

(3-00 %), m. di 0*06 mm., 
angular ; quartz, felspar, 
lapilli, augite, glassy volcanic 
fragments. 

(21 *28 %), amorphous matter, 
many minute mineral parti- 
cles and fragments of silic- 
eous organisms. 

Among the minerals were a few ronnded quartz grains, 
some of which were covered with limonite. 

46-87 

(1*00%), Radiolaria, Sponge 
spicules, Hypcrammina, Eap- 
lopTvragmiitm, a few imperfect 
casts. 

\ 

(6*00 %), m. di. 0*13 mm., 
rounded and angular; frag- 
ments of volcanic rocks, 
plagiodase, magnetite, ortho- 
close, manganese grains, 
augite, olivine, glassy vol- 
canic particles, quartz, horn- 
blende^ 

(40*87 %), amorphous matter, 
minute fragments of minerals 
and siliceous organisms. 

A few brown casts of the Foraminifera remained 
after treatment with dilute acid. The Oocooliths are 
notably large. 

3-73 

Sponge spicules. 

(1-00 %), m. di 0*26 ram., 
angular and rounded ;■ basaltic 
rock fragments, glassy vol- 
canic particles, olivine, 

augite, magnetite, felspar. 

(2*73 %), fine mineral fragments 
and some amorphous matter. 

i 

The organisms and minerals had mostly a slight coating 
of manganese. Some fragments of rocks measured nearly 

1 cm. in diameter. 

61-60 

(1 ‘00 %), a few Sponge spicules. 

(40*00 %), m. di. 0*07 min., . 
angular ; lapilli of vesicular 
basalt, felspar, augite, mag- 
netite, olivine, glassy volcanic 
particles. 

(20*60 %), fine fragments of 
minerals, amorphous matter, 
and a few minute fragments 
of Sponge spicules. 

Some of the Gasteropoda, Lamellibranchs, Pteropods, and 
Heteropods in this deposit are macroscopic ; » much 
olivine and magnetite present. 

70-80 

(1-00 %), Sponge spicules, As- 
trorfuzidee. 

(16*00%), m. di 0'06 mm., 
angular ; numerous lapilli of 
vesicular basalt, augite, mag- 
netite, felspar, glassy volcanic 
particles. 

(64*80 %), amorphous matter, 
many email fragments of 
minerals, a few fragments of 
siliceous organisms. 




Gibraltar to Madeira. Off Madeira. 




Maderia to 

Between tlo Canary Wanda. Tenerife. Off MaderU^wrfwmaf. 
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See Charts 2, 4, and 5. 


ll 

ll 

Date. 

Position. 

4H 

If - 
1 

Temperature 
ol the Sea- 
water 
Cffahr.). 

Designation and Physical Oharaoters. 

Carbonate of Calcium. 

s 



lottom 

Surface 


Per cent. 

Poraminifera. 

Other Organisms. 

yiif 

1878 
Feb. 2 

O / » 

82 27 0 K 
16 40 BOV. 

1500 

e 

o 

68-0 

yoijOAiao Mud, brown, slightly 
coherent, gritty. 

Residue brown. 

86*93 

(17’00%), Globigerinidte, Pul - 
vinulina. 

(2*00 %), Idilioilma , Textularidee, 
Lagenidse, EotaHcUe, Num- 
muiinidffl. 

(17-93 %), Otoliths of fish, 
Gasteropoda, Lamellibranchs, 
Pteropods, Heteropods, Ostra- 
Oodes, Echinoderm fragments, 
Polyzoa, Coccoliths, Rhabdo- 
liths. 

! j^ia 

8 

82 32 45 37. 
16 48 0 V. 

1150 

89*0 

68*0 





(TIIh 

yiij 

k, 

„ 8 

, » » 

82 85 0 17. 
16 51 0 V. 

82 86 15 17. 
16 68 15 V.. 

790 

490 

46 '0 

62-8 

68-0 

-Volcanic Muds, . 

J 

... 

Globigerinidae and other Fora- 
minifera. 

Fragments of many calcareous 
organisms. 

yiik 

8 

29 19 0 17. 
16 88 OV. 

1976 

86 '2 

02-6 

Giobigbrina Oozh, . 

... 

... 


YIIl 

yiim 

io 

,, io 

28 28 0 hr. 
16 12 bo w. 
28 28 0 N. 
io io ow. 

278 

680 

46*0 

64-0 

04-0 

1 Voecjanio Mttdb, brown, earthy, 

Y slightly coherent, gritty. 

J Residue red-brown. 

10-86 

11-84 

(About 6-00%),. Globigerinidffl, 
Pulvinulina. 

(About 1 -00%), Miliolidae, Textu- 
laridro, Lagenidee, Rotalidee, 
Hmmnuliniaee. 

(About 6*00 %), Otoliths of s 
fish, Serpula , Gostcropods, 
Lamellibranchs, Pteropods, 

Heteropods, Ostracodes, Echini ■ 
spines, Polyzoa, Coccoliths, 
Bhabdoliths. 

yun 

„ 10 

28 80 SO hr. 

. 16 3 SOW. 

975 

41-0 

64-0 

Volcanic Mud 

... 

... 


Tno 

-< 

„ 10 

' 28 83 0 hr. 

16 4 0W. 

560 

46*5 

04-0 

\ 

y oloanio Mud, brown, eaTthy, 
slightly coherent, gritty. 
Beeidne red-brown. 

26-93 

(5-00 %), Globigerinidffi, Pul- 
viwitiina. 

(4-00 %), Miliolid®, Textularid®, 
Lagenidee, RotalidB, Num- 
mTumidee. 

'(16 ’98 %), Otoliths of fish, Ser- 
pula, Gasteropoda, Lamelli- 
branchs, Pteropods, Heteropods, 
Ostracodes, Eohini spines, 
Polyzoa, Ooocoliths, Bhabdo- 
liths. 

yiip 

„ 10 

28 85 0 hT. 

, 16 5 OW. 

78 


64-0 

i 

Voloanto Sand, mottled, black, 

I white, and red. 

Beeidne black, sandy. 

45*00 

(16*00 %), Miliolina , , Polytrema , 
Hommulinidflej 

(30*09 %), fragments of Crus- 
taceans, Serpula,, LentcUin/m, 
Gasteropoda, Lamellibranchs, 
Pteropods, Eohini spines, 
Polyzoa, calcareous Algse. 

yiid 

.. 10 

28 88 0 hT. 
16 6 OW. 

179 

... 

64*0 

Hard Ground, 

... 

... 

... 

*yni 

L 10 

28 41 0 hT. 
16 6 OW. 

640 

46 *8 

.64-0 

yoLOANio Mud, brown* earthy,' 
slightly coherent, gritty. 
Residue red-brown. 

31*70' 

(22*00 %), Globigermid®, Pul- 
vinulincL. 

(1*00 %), Miliolidae, Textularidee, 
Lagenidee, Rotalidrc, hTum- 
mminiduB. 

(8*70 %), Otoliths of fish, Ser- 
pula, Gasteropoda, LamoUi- 
hranchs, Pteropods, Hetero- 
jpods, Ostracodes, Echini 
spines, Polyzoa, Coccoliths, 
Bhabdoliths. 

yiie 

’k 

1 „ 10 

28 45 0 hT. 
10 7 OW. 

1890 

88*5 

68-0 

Volcanic Mud, 

... 


... 


* See anal. 68. 








REPORT ON THE DEEP-SEA DEPOSITS. 
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Residue. 

Additional Observations. 

Per cent. 

Smoeoua Organisms. 

Minerals. 

Pine ’Washings. 


68-07 

(1-00 %), a few Radiojaria and 
Sponge spicules. 

(4Q-Q0 %), m. di. 0-10 mm., 
angular ; lapilli and scoriae, 
magnetite, olivine, sanidine, 
plagioclase, angite, horn- 
blende, glassy volcanic par- 
ticles. 

(22*07 %), amorphoua matter, 
many minute mineral frag- 
ments, a few remains of siu- 
ceoua organisms. 

Some of the organisms are macroscopic. The mineral 
particles form a red-brown vulcanic sand. Trawl line 
broke in heaving in. > 


... 

Many volcanic mineral particles. 

- 

The deposits were in all these soundings similar to the 
above, the mineral particles being larger nearer shore. 

••• 

... 

... 

... 

No deposit preserved ; the small quantify on the tube 
indicated a Globigerina Ooze. 

89 '64 

88*16 

(About 1*00 %), a few Sponge 
apiculeB, HaplQ^hragviivm. 

(About 40 *00 %),m.di. 0*08 mm., 
angular; lapilli of vesicular 
basalt, augitc, sanidine, pla- 
gioolase, magnetite, olivine, 
glassy volcanic fragments, 
glauconite. 

(About 48*00 %), amorphous 
matter, numerous minute 
fragments of minerals, and a 
few remains of siliceous 
organisms* 

These two soundings are practically the same, The size 
of the mineral particles is a little less in the deeper 
Bounding, viz., 080 fathoms, and here the pelagic Fora- 
minifera make up the greater part of the carbonate of 
calcium, The same remark holds good for all these 
soundings off the Canary Islands; the deeper oneB 
might be called Globigerina Oozes. 



... 


No deposit preserved. 

74*07 

(l'OO %), a few Sponge spicules* 
Hap bpbragTriivm, 

(40*00 %), m. di. 0*10 mm., 
angular ; lapilli of vesioular 
basalt, angite, sanidine, j>la- 
gioolase, magnetite, olivine, 
glassy volcanic fragments. 

(38*07 %), amorphous matter, 
many minute mineral parti- 
cles, and a few remains of 
siliceous organisms. 

This deposit resembles those of Stations Till*, and 
VIlM. 

64-03 

<10 

(58*01 %), m. di, 1*00 mm., 
rounded; fragments of basaltic 
rooks, angite, black glassy 
particles, magnetite. 

(1 *00 %), amorphous matter. 

The oarbonate of calcium is made up for the most part 
of rounded fragments of Molluscs* Salvia, Ecmno- 
derms, Folyzoa, and Foraminifera. 

... 

... 

... 

— 

No trace of any deposit obtained. 

38*80 

(1*00 %), a few Sponge spicules, 
Haplophragmium. 

(80*00 %), m. t dL 0*06 mm., 
angular ; lapilli of vesioular 
basalt, augite, sanidine, pla- 
gioolase, magnetite, olivine, 
glassy volcanic particles. 

(87*80 %), many minute frag- 
ments of minerals, amorphous 
matter, a few remains of 
siliceous organisms. 

This deposit is similar to those at Stations YIIl, and 
VllM., so far as the inorganic constituents are con- 
cerned. 

... 


... 


No deposit preserved. 

/ 1 
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* 

li 
a I 

Date, 

Position. 

P 

Temperature 
o* the Sea- 
water 
(flahr.). 

Designation and Physical Characters. 

Carbonate op Calcium. 



« i 

iofctom £ 

tarfaoe 


Per cent. 

PoraminUera. 

Other Organisms. 

*VI1t 

1878 

Feb. 11 

o t m 

28 42 0 N. 

17 8 0 W. 

1750 

0 

87-6 

a 

03-0 

Volcanic Mud, grey when dry, 
slightly coherent, earthy, 
gritty. 

Residue dark red-brown. 

30-50 

(32*00 %), Globigerinidse, Pul- 
vinulina . . 

(1-00 %), fiolivinot Lagena, 
TruTicat'idina, Noniomna. 

(3*50 %), Ostracodes, Echini 
spines. 

yiiu 

YIIy 

,, H 

,, 11 

28 20 0 N. 
17 84 CW. 

27 68 0 N. 
17 89 0¥. 

1840 

1620 

88 '6 

87-6 

05-0 

65*0 

-Volcanic Muds, . 

... 

i 


tvm 

„ 12 

28 8 16 N. 
17 27 0 W. 

020 


04-6 

Volcanic Mud, grey - brown 
when dry, slightly coherent, 
gritty, earthy. 

Residue brown. 

29-02 

(17 *00 %), Globigerinidra, Pul- 
viniuina. 

(8-00 %), Milioliche, Toxtularidee, 
Ohilostomella, Lagenidce, Ro- 
talidos, Polystomella. 

(9*02 %), Otoliths of fish, Den- 
taliwn, Gasteropoda, Lamolli- 
branchs, Pteropods, Hetero- 
pods, Ostracodes, Echiuoderm 
fragments, Polyzoa. 

f - 11 

„ 16 

27 24 0 35T. 
16 66 0 W. 

1890 

86*8 

64-5 

Globigeeina Ooze, grey when 
dry, slightly coherent, earthy. 
Residue brown. 

50-00 

(46*00 %), Globigermidoi, Pul- 
vinulina. 

(5*00%), Pteropods, Ostracodes, 
Echini spines, Ooccoliths, 
Rhabdoliths. 

§2 

„ 17 

26 62 0 N. 
19 22 Off. 

1945 

80-8 

07*0 

Globigeeina Ooze, white with a 
yellow tinge, slightly co- 
herent, finely granular. 

Residue red-brown. 

64*55 

(56*00 %), Globigerinidce, Pnl- 
vinulina. 

(2*00 %), Miliolidra, Textularidue, 
Lngenidm, Rotalidrc. 

(7*55 %), Otoliths of fish, Gas- 
teropoda, fragments of Ptero- 
pods Eohiuocterms and Corals, 
Ooccoliths, Rhabdoliths. 

5 

1 

-t 

3 

2 

1 ' 

Q 

„ 18 

26 46 ON.. 
20 14 0 W. 

1526 

37'0 

05*0 

Pteeopod Ooze, light brown 
with pink tinge, very slightly 
coherent, granular. 

Residue red. 

[70 *00] 

(60*00 %), Globigeriiridaj, Pul - 
vinulina. 

A few Bpeoimons of Bolivina . 

(20*00 %), Otoliths of fish, Gastero- 
poda, Lamellibranolis, Ptero- 
pods, Hotoropods, Cirripodia, 
Eoliinoderm fragments, Coral 
fragments, Ooccoliths* Rhab- 
doliths. 

$ 

tO 

3 4 

9 

„ 19 

26 28 0 N. 
20 22 0 W. 

2220 

■ ... 

00-0 

... 

... 


- 

T6 

„ 21 

24 20 ON. 
24 28 Off. 

2740 

87-0 

68*0 

Red Clay, plastic, light red- 
brown when dry, snbluatrous 
streak. coherent. 

Residue brick-red. 

12-00 

(9*00 %), Globigerinidro, Pul - 
vinulina. 

(1*00%), Miliolidffi, Oaudry - 
ina, Lagena t Tnmcatidina 

(2-00 %) r Gasteropod and Lamel- 
libranoh shells, • Osta-acodes, 
Echini spines, Coccoliths, 
Rhabdoliths. 

6 

,, 28 

1 28 14 ON. 

28 23 0 W. 

2950 

87*0 

69*2 

Red Clay, .... 


A few Globigerinidte. 

. 


„ 24 

28 28 0 N. 
81 81 0 W. 

2750 

86-9 

08*0 

Red Clay, plastic, homogeneous, 
unctuous, drying, into coherent 
red ■ coloured lumps which 
break up readily in water, 
lustrous streak. 

Residue brick-red. 

4*11 

(3 *00 %), broken shells of Glohi- 
gmm. 

(Ill %), email teeth offish. 


* See anal 69. f See anal. 70. J See anaL 


§ See anal. 84. || See anal. 96, 97 ; PL III. figs. 1, 2, S. 1 See anaL 1, 2, ** See anaL 8. 
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Residue. 

Additional Observations. 

Per oenfc. 

Silioeons Organisms. 

Minerals. 

Fine Washings. 


08 *50 

(1*00 %), a few Sponge spicules, 
Haploplvragmium. 

(25*00 7o)> m - di. 0‘06 mm., 
angular; lapilli of basaltic 
rocks, plagioclaae, sanidino, 
augite, olivine, magnetite. 

(37*50 7o)> many fine mineral 
particles, amorphous matter, 
a few remains of siliceous 
spicules. 

Except for the large number of mineral particles of vol- 
- oanio origin,, these deposits might equally well be 
celled Olobigerina Oozes, 

70 ‘98 

(2*00 %) , Sponge spicules, frag- 
ments of Badiolaria, Astror- 
hizidrc, Oyclammina , Textu- 
laridce. 

(40*00 7o)» m ■ di- 0*0$ mm ,, 

angular; lapilli of basaltic 
rocks, scoriaceous fragments, 
felspar, augite, olivine, horn- 
blende, magnetite, glassy vol- 
canic particles. 

(28 *98 7o)» minute fragments of 
minerals, amorphous matter, 
many minute fragments or 
siliceous organisms. 

This deposit contains very many particles of volcanic 
sand and a considerable quantity of amorphous matter. 
There are also many coloured particles, some altered 
to palagonite, . Some of the Foraminifera are macro- 
scopic. Dredge brought up a large quantity of the 
mud. 

50*00 

(2 *00 %), Badiolaria, Sponge 
spicules, Diatoms. 

(16*00 7o)» m*. di. 0*07 mm., 

angular ; quartz, sanidino, 
olivine, augite, lapilli, mag- 
netite,. fragments of pumice. 

(33*00 7«)> amorphous matter, 
many minute fragments of 
minerals, remains of siliceous 
organisms. 

The carbonate of calcium is mads up almost entirely of " 
pelagic Foraminifera. Among the minerals are some 
rounded grains of quartz covered with limonite. 
Dredge came up empty. 

85*45 

(1 '00 °/ 0 ), Sponge spicules, 
Badiolaria, Astrorhizidee, 

Trochammina , a few imperfect 
casts. 

(2*00 7o), m. di. 0*07 mm., 
angular ; qnaTtz, monoclinic 
ana triclinic felspars, magne- 
tite, olivine, augite, glassy 
volcanic particles. 

(32*46 7 0 ), amorphous matter, 
many line mineral particles, 
a few fragments of silioeouB 
organisms.. 

Some of the quartz grains are covered with limonite, and 
measure about 1 mm. in diameter. Some of the 
organism s are macroscopio. Dredge half full of mud ; 
nothing found on sifting except otoliths of fish and 
Pteropod shells. 

30*00 

(20*00 7o)j Sponge spicules, 
Badiolaria, thin imporfect 
castB of Foraminifera and 
other organisms, Hyper am- 
mvna. 

(10*00 °/ a ) } m. di. 0*10 mm., 
angular ; felspar, black mica, 
augite, manganese grains, 
glassy volcanic particles, red- 
coloured altered fragments, 

Amorphous matter. 

Two soundings were taken, and on each occasion, no 
deposit came up in the tube. The dredge brought up a 
largo Sponge, Poliopogon amadou, and a small quantity 
of the ooze was obtained attached' to the basal portion. 

In the dredge there were manganese nodules and 
many fragments of a dead Coral covered with a thin 
coating of black shining manganese. Many of the 
organisms are macroscopic. 



... 

... 

Bo deposit obtained ; sounding line broke in hauling in. 

88*00 

(1*00 %), Badiolaria, Sponge 
spicules, AschemoTiella, Lituo- 
lldflB. 

(1*00 %), m. di. 0*00 mm., 
angular and rounded ; quartz 
covered with limonite, magne- 
tite, felspaT, augite, pumice, 
black mica. 

(80*00 %), a great many fine 
mineral particles, amorphous 
matter, fragments ofpikceous 
organisms. 

Dredge full of clay, on sifting which a few Bhells of Mol- 
luscs were found in addition to the Foraminifera.. 


... 

A few mineral particles. 

Much amorphous matter. 

A small quantity of the deposit came up in the tube. 

95*80 

(1*00 %), Siliceous spicules, 
HaplopJvragmium . 

(1*00 %), m. di 0*06 mm., 
angular; felspar, black mica, 
fragments of pumice, a few 
small rounded grains of quartz 
covered with limonite, zircon, 
manganese grains. 

t r\r\ r\ \ 

(98*89 %), amorphous matter, 
many minute fragments of 
minerals, and a few remains 
of siliceous organisms. 

This deposit was of a brown-yellow colour when taken • 
from the tube, smooth and homogeneous. 

— g — 


(DHBP-SEA DEPOSITS OH ALL. EXP.' — 1890.) 


Between the Canary Islands — ccmMnued. * Tenerife to Sombrero Island. 









Tenerife to Sombrero Island- 
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See Chart 6 and Diagram 1. 


ii 

!i 

m 

' ^ 

ToittlQB. 1 

'smoirai 

ninjas 

Temperature 
of the Sea- 
water 
(Fahr.). 

Designation and Physical Olmraotera. 

Carbonate op calcium. 

IBM 

■II 


PS 3 

Bottom 

Surface 


Per oent 

Poramlnlfera. 

Other Organ ism b. 

*8 

1873 
Feb. 26 

o t tt 

23 12 0 IT. 
52 56 0 W. 

2700 

0 

87-0 

0 

67-0 

Red Olay, plastic, unctuous, ' 
homogeneous, drying into co- 
herent red coloured lumps 
which break up readily in water, 
lustrous streak. 

Residue brick-red. 

16^42 

[16 -00 %), Globigerinidee, Pulviiw- . 

Ivna, and their broken parts. 

A few PruTiccUiilim pygmesa. 

(1*42 %), small teeth of fish. 

i*0 

„ 26 

28 28 OS. 
.86 U 0 W. 

3150 

86-8 

: 

69 '0 

Bed Olay, plastic, unctuous, 
homogeneous, drying into light 
red coloured coherent masses 
which break up in water, 
lustrous streak. 

Residue dark red-hrowm 

8*11 

(2*11 %), Qlobifferina , PuZvinu- 
Una. 

(1 *00 %), small teeth of fish. 

tio' 

„ M 

£3 10 0 IT. 
.88 42 0W. 

2720 ' 

86-6 

71-0 

Bed Olay, light red, plastic, 
unctuous, homogeneous, lustrous 
streak. 

Residue brick-red. 

18-80 

(12*00 %), Globigerinidro, Pub 
ftxmulina. 

(1*30 %), small teeth of fish, 
Dchini spines. 

] §11. 

Mar. 1 

22 46 0 S. 

• 40 87 0 W. ! 

2676 

86 *6 

■ 

72-2 

'Glclbioeuina Ooze, light yellow- 
red when dry, Blightly coherent, 
■earthy. 

Residue red. 

61-16 

(50*00 %), Globigerinidm, Pul- 
vinulina. 

(1*10 %), Echini spines, Cocoo- 
liths, Rhabdoliths. 

1112 


21 67 0 3T. 
43^9 0W. 

2026 

06*9 

,73-0 

Globigeilina Ooze, granular, 
many black particles. 

Residue red. ' 

44-88 

(40*00 %), Globigerinidee, Pul- 
vinidina . 

(4*88 %), Fragments of Pteropods, 
Echini spines, Coccolitbs, 
Rhabdoliths. 

ins' 

„ 

21 88 OH 
44 39 0 W. 

1900 

36 ’8 

72-0 

Globigbrina Ooze, light reddish 
yellow, slightly coherent, 
gritty, drying into friable 
lumps. 

Residue red. 

74-60 

(60 *00 %), Globigerinidee, Pul - 
vmutina . 

(2'00 %), Miliolidee, Textularidre, 
Lagenidce, Rotalidre, 

i 

(6*60 %), Otoliths of fish, Scrpula, 
Gasteropod and Lnmellibranch 
shells, Pteropod fragments, 
Ooocoliths, Rhabdoliths. 

**14 

» 5 

21 1 OH 
46 29 0 W. 

1950 

36-8 

74-0 

. Globigbrina Ooze, light reddish 
yellow, slightly coherent, gran- 
ular. 

70-48 

(07*00 %), Globigerinidee, Pub 
vinvZma . 

(8*48 %), Echinodenn fragments, 
Ooocoliths, Rhabdoliths. 







Residue red. 




•me 

« 

20 49 0 IT. 
48 45 OW. 

2326 

36-2 

72-6 

Globigbrina Ooze, pale yellow- 
brown, granular, slightly co- 
herent. 

Residue red. 

67-60 

(00*00 %), Globigerinidse, Pub 
vinulina. 

(7*00 %), Otoliths of fish, Ostra- 
codes, Echinodenn fragments, 
Ooocoliths, Rhabdoliths. 

ttie 

„ 7 

20 39 0 IT. 
50 33 OW, 

2486 

86 '2 

74-0 

Globigbrina Ooze, light yellow- 
brown, granular, slightly co- 
herent 

Residue brown. 

62-22 

(46*00 %), Globigerinidee, Pub 
vinulina. 

(1*00 %), Miliolidee. 

(5*22 %), Echinoderm fragments, 
Ooocoliths, Rhabdoliths. 

§§17 

k. 

» 8 

20 7 0 IT. 
62 32 OW. 

2885 

80-5 

740 

Globigbrina Ooze, light red- 
brown, granular, slightly co- 
herent, breaking up readily in 
water. 

Residue brown. 

68-40 

(51*00 %), Globigerinidee, Pub 
vmulvna. 

(1*00 %), Miliolidee, 

(6*40 %), Echinoderm fragments, 
Ooocolitha, Rhabdoliths. 


t See anal 87 j PL XI. % 6. 


+ Sea anal. 5, 24. 
l * 8ee anal 38. 


t See anal. 6. 
ft See anal. 89. 


§ See anal. 35. 

# See anal 40, 98. 


[| See anal 36. 
§§ See anal 41. 
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ltBflEDUB, 

* Aidmtionkl Observations. ■ 

Per oent. 

Siliceous Organisms, 

Minerals. 

l Fine Washings. 


88*58 

- (1*00 %), Spongaspicules, Raplo- 
phragmium . 

(1*00 %); nr. di' 0*085 mm., 
angular ; fragments of mono- 
clinic and triolinio’ felspars, 
augite, hornblende, magnetite, 
black mica, rounded grains of 
quartz covered with Hmonite, 
manganese grains. 

' (81*58 %f, amorphous matter, 
minute mineral particles, and 
a few fragments 1 of siliceous 
organisms. 

s The Glcbigerinid® are very nmch. broken; and have a cot- ' 
roded appearance. The rounded quartz grains are 
almost certainly wind-borne. Dredge was empty, 
probably never reached the bottom. 

1 96*80 

(1*00 %), Sponge Bpiculos, Saro- 
8ph&ra t lieophax. 

(1*00 %), m. di. 0*06 mm., 
angular and rounded; felspar, 
magnetite, black mica, augite, 
pumice, rounded grains of 
quartz covered with limonite, 
manganese grains. 

(94*89 %),- amorphous matter 
minute’ fragments: of minerals' 
and silioeouff organisms^ 

Only a few pointa of effervescence- ware noticed on treat- 
ing a portion of the deposit with dilute add. The 
deposits have been gradually altering in character, 
becoming less rich in Foraminifera, This deposit con- 
sists almost entirely of Red Clay in a state of fine divi- 1 
sion. Dredge one-fourth full of the clay ; sounding 
< tube-pone toted over* a foot (80*48 cm.) into the deposit 

: 80-70, 

(1*00 %), Sponge spicules, Radio- 
loria, Eaplophraginium. 

(1*00 %), m. di. 0*00 mm., 
angular ; felspar, hornblende, 
magnetite, black mica, glassy 
volcanic particles. 

(84*7Q %)v amorphous/ matter* 
minute mineral particles; and 
remains of siliceous organisms. 

i Note the increasing percentage of carbonate of lime: with ' 
the leaser depth, ; | 

f 

48*84 

(1*00 %), Sponge spicules. 

(2*00 %), ecu, di Q*0ff mm;,, 
angular ; sanidine, augite, 
magnetite, glassy volcanic 
particles. 

(46*84 %)* amorphous matter, 
fine mineral particles^ 

< Dredge oamnup empty. 

65*12 

(1*00 %), Radiolaria. 

(30*00 %), m. di. O-80 mm., 
rounded and angular ;; grains 
of manganese, red and yellow 
fragments of palogonite,, sani- 
dine, augite, pumice. 

(24*12 %), amorphous matter,. 

1 minute, mineral fragments, 
a few siliceous, remains. 

The finer portions of the deposit seem to have been 
washed away in pulling, up the tube. The large quan- 
tity of manganese and palagonite is remarkable, and 
accounts for the largo percentage and size of the minerals. 
Some of the organisms are macroscopic. Dredge empty, ^ 

25*60 

(1*00 %), Sponge spicules, Radio- 
laria, Astrorhizidee, Lituolidee. ^ 

(1-00 %), m. di. 0*08 mm., 
angular ; lapilli, sanidine, 
augite, magnetite, palagonite, 
glassy volcanic particles, a 
few manganese grains. 

(28*60 %), amorphous matter, 
many fine mineral particles, 
a few fragments of siliceous 
organisms. 

The deposit is remarkably pure as regards the carbonate 
of calcium being chiefly made up of the remains of 
pelagic Foramimfera., Some of the organisms are 
macroscopic. Dredge contained a small quantity of 

1 the ooze. * ' 

29-57 

(1*00 %),, Radiolaria, a few im- 
perfect red oasts, of the Fora- 
minifero. 

(1*00 %), m. di 0*07 mm., 

1 angular; monoclmia and tri- 
clinic felspars, augite, horn- 
blende, magnetite, glassy vol- 
canic partial ea. 

(27*67 %), amorphous matter,, 
minute min era.! and siliceous 
remains. 

Although the primordial chambers of the Foraminifera 
are abundant, no Coceospherea were observed ;, Oocco- 
Iitha are abundant and large. Water-bottle contained 
soma ooze, but there was. none in the trawl. 

82*40 

(1*00 %), Radiolaria, imperfect 
red casts of pelagic Foramini- 
fera. 

(1*00%), m. di. 0*06 mm, 
angular ; sanidine, augite, 
magnetite, pumice, man- 
ganese grains. . 

(80*40 %), amorphous matter, 
fine mineral and siliceous 
remains. 

Note the decrease of carbonate of lime with increasing 
depth, and consequent increase of amorphous- matter in 
this and the next sounding. 

47*78 

, (1*00 %), Radiolaria, red imper- 
fect casts of Foraminifera'. 

(1*00 %), m, da. CP06 mm, 
angular ; sanidine, magnetite, 
augite, pumice,, manganese 
grains. 

(45*78 %), amorphous matter, ' 
many fine mineral particles, 1 
and remains of Radiolaria. 

The dredge brought up some 1 concretions covered with 
manganese, two or three sharks' teeth and valves of 
Scalpellwn also covered with a thin coating of man- 
ganese. The manganese grains found among the residue 

Eft on treating the deposit with acid were round T and 
had a diameter of about 0*1 mm. 

41*60 

t 

,(1*00%),, Radiolaria, Sponge 

1 spicules,, a few imperfect casta 
or Fbraminifera. . 

(1*00 %), m. di 0*08 mm, angu- 
lar ; monoclinic, and triolinic • 
felspars, lapilli of basaltic 
rocks, magnetite, augite, 
pumice, brown glassy vol- 
canic particles. 

(89*60 %), amorphous matter, 
fine mineral particles, and: 
siliceous remains. ' 

The deposits are becoming more clayey with increase of 
depth' (see next, station), 

- 
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THE VOYAGE OE H.M.S. CHAXLENGER. 


See Charts 6 and 7, and Diagrams 1 and 2. 


’ * . 

S| 

Date. 

Position. 

n 

Temperature 
ol the Sea- 
water 
(Pabr.). 

Designation and Physical Characters. 

Carbonate op Caiotuh. 




HI 


Surface 


Per oeut. 

Foraminifera. 

Other Organism a. 

*18 

1878 
Mar. 10 

o to 

19 41 0 N. 
66 18 OW. 

2650 

o 

. 86 '0 

74-0 

Red Cla.y, light red-brown, 
plastic, coherent when dry, 
breaking up readily in water, 
lustrous streak. 

Besidue dark brown. 

16-78 

(12-00 %), Globigerinidee, Pul- 
vinulma,, 

(1*00 %), MiUolina , Trunccttu- 
lina. 

(2*78 %) CoccolitliB and Rhabdo- 
liths. 

+19 

,, U 

19 16 0 N. 
67 47 OV. 

8000 

86*5 

76 '0 

Red Olay, light red-brown, co- 
herent, breaking up in water, 
lustrous streak, plastic and 
unctuous when wet 

Besidue red-brown. 

1-40 

Globigerina (fragments). 

' 

$20 

„ 12 

18 66 0 N. 
69 86 OW. 

2075 

86-0 

76-0 

Red Clay, light red-brown, 
coherent, lustrous streak, 
breaking up in water, plastic 
and unctuous when wet. 

Residue red-brown. 

8*50 

(2-60 %), Globigermidea, Pub 
vinulina. 

(1 -00 %), small teeth of fish. 

§21 

„ 18 

18 64 0 S. 
61 28 OW. 

8026 

36-6 

78 '0 

Red Clay, light red-brown, 
coherent, breaking up readily 
in water, lustrous streak, 
plastic and unctuous when wet. 

Residue dark brown. 

2-44 

(1'44 %), Globigerim. 

(1 *00 %), fragments of Echini 
spines. 

1122 

» u 

18 40 0 3ST. 
62 66 OW. 

1420 

88*4 

78-0 

Ptebqpod Ooze, white, very 
slightly coherent, granular. 
Residue brown. 

80-00 

i 

(47*00 %), Globigerinidee, Pub 
mwtiTia. 

(8 -00 %), Miliolina , Camd%tlina t 
Truncatulina. 

(30*09 %), Gasteropoda, Lamclli- 
branchB, Pteropods, Hotoro- 
pods, Echini spines, Polyzoa, 
Ooccoliths, Rhabdoliths. 

r 1F23 

23 a. 

23b 

„ 18 

„ 15 

„ 18 

18 24 0 IT. 
63 28 OW. 

18 28 0 N. 
68 81 1CW. 

18 28 0 IT. 
08 86 O W. 

460 

480 

690 


76-0 

78-0 

76-0 

- 

Ptebopod Oozes, light brown, 
granular, slightly coherent, 
chalky. 

Residue brown. 

i 

84-27 

(44-00 %), Globigerinidee, Pub 
vinulina. 

(6-00 %),MiliolicleB, Textnlaridoe, 
Lagenid®, Rotalida, Num- 
muiimdfle. 

(36 -27 %), Otoliths of fish, Gostero- 
pods, Lamellibranohs, Ptero- 
pods, Heteropods, Ostracodes, 
Echinoderm fragments, Corals 
and their fragments, Polyzoa, 
Alcyonarian spicules, Cocco- 
liths, Rhabdoliths. 

, **24 

,, 23 

18 38 30 N. 
66 5 30 W. 

890 

■ 

76-0 

Ptebopod Ooze, light brown 
when dry, slightly coherent, 
earthy. 

Residue red. 

73*88 

(30 ‘00 %), Globigerinidm, Pub 
vinulina. 

(8*00 %), Miliolidee, Textularidce, 
Lagenidae, Rotalidee, Num- 
mulimdffl. 

(40 *88 %), Otoliths of fish, Cepha- 
lopod beaks, JSerpula , JDenta 
Hum Gasteropoda, Lain alii - 
branchs, Pteropods, Heter- 
opods, Ostracodes, Echinoderm 
fragments, Corals and their 
fragments, Polyzoa, Ooccoliths, 
Rhabdoliths. 

24a, 

„ 2B 

18 48 30 W, 
05 6 0 W. 

626 


76-0 

Ptebopod Ooze, light yellow 
when dry, slightly coherent 
Residue light yellow. 

08‘88 

(30*00 %), Globigerinidee, Pub 
vimilvrui. 

(3’00%), Hiliolidffl, Textularidee, 
Lagenidee, Rotalidee. 

** (36 *88 %), Gasteropods, Lamelli- 
hranchs, Pteropods, Hetero- 
pods, Ostracodes, Echini 
agineSj Polyzoa, Ooccoliths, 


* See anaL 7. 
J| See anal 30, 


+ See anal. 8, 

IF See anal. 61 ; PL XI. fig. 6. 


I See anaL 9. 
* # See anaL 02. 


§ See anal 1(1 












REPORT ON THE DEEP-SEA DEPOSITS. 


45 



Residue. 

Per cent 

Siliceous Organisms. 

Mineral. 

Pine WoaMnga. 

84*22 ’ 

(1 *°0 %), a few Bpicules of Radio- 
laria. 

(1*00 %), m. di. 0-07 mm., 
angular ; Banidine, magnetite, 
angite, pumice, a few grains 
of manganese, 

(82*22 %), amorphous matter, 
minute fragments of minerals 
and Radiolaria. . 

08-51 

(1 *00 %), Radiolaria. 

(1-00 %), m. di. 0-07 mm., 
angular ; fragments of sani- 
dine, augite, magnetite, glassy 
volcanio particles, a few 
manganese grams. 

(90-51 %), amorphous matter, 
fine mineral particles, and 
broken pieces of Radiolaria. 

$6*50 

(1 '00 %), Sponge spicules, Radio- 
laria, jffaplophragmium. 

(1-00 %), m. di. 010 mm., 
angular ■ felspar, magnetite, 
augite, lapilli, fragments of 
puinice. 

(94’60 %), amorphous matter, 
many minute minerulparticles, 
and fragments of siliceous 
organisms. 

97-60 

(1-00%), Radiolam, Sponge 
spicules, ffaplophnigmiwn. 

(3*00 %), m. di. 0-10 mm., 
angular ; felspar, augite, 
hornblende, magnetite, lapilli, 
glasBy volcanio particles. 

(93*50 %), amorphous matter, 
minute mineral particles, 
fragments of siliceous or- 
ganisms. 

10*81 

(2*00 %), Sponge spicules, Radio- 
laria, imperfect rod and brown 
casta of Foraminifera, Sap- 
lophragmiwn* 

(2-00 %), m. di. 0*07 mm., 
angular ; monoclinic and 
triclinio felspars, magnetite, 
augite, hornblende, black 
mica, lapilli. 

(15 *31 %), amorphous matter, 
minute fragments of minerals 
end siliceous organisms. 

15-78 

(2-00 %), Radiolaria, Sponge 
Bpicules, Astrorhizidce, Litu- 
olidxB. 

(2-00%), m. di. 0*07 mm., 
angular ; sanidine, augite, 
plagioclase, magnetite, lapilli, 
hornblende, a few glassy vol- 
canic fragments. 

(11-78 %), amorphous matter, 3 
minute mineral and siliceous 
remains. 

28-12 

(2-00 %), Radiolaria, Sponge 
spicules, Astrorhizidm, Lit- 
uolidee, imperfect brown caBts. 

(1*00 %), m. di 0-08 mm., 
angular ; quartz, felspar, 
augite, magnetite, mica, 
hornblende. 

(23 ’1 2 %), red amorphous matter, 
fine mineral particles, frag- 
ments of siliceous organisms. , 

3112 

(1-00 %), Sponge spicules, and 
imperfect brown casts. 

(1-00 %), m. di. OTO mm., 
angular ; sanidine, plagioclase, 
hornblende, augite, magnetite, 
mica. 

(29*12 %), amorphous patter, 
minute mineral particles, a 
few fragments of Sponge 
spicules. 


additional Observations. 


The small fragments of quartz covered with limonite, 
believed to bo wind-bomo, which are very common in 
the soundings on, and to the east aide of, the Dolphin 
Ridge, are, apparently, quite abaent in this and the 
following soundings on the western side. 


No effervescence was observed on treating a portion with 
dilute acid, and only one or two fragments of pelagic 
Foraminifera were observed on microscopic examina- 
tion. 


The dredge brought up a large quantity of the Red Olay. 
On passing this through fine sieves many small worm 
tubes [MyriocheU) were found. These were composed 
of the minute mineral particles mentioned and Sponge 
and Radiolarian spicules j many of the tubes con- 
tained living worms. Some 1 of the volcanic particles 
ore partially transformed into zeolitic matter. 

‘he calcareous organisms are much decomposed au 
broken up. 


fragments of Pteropods and other pelagic Molluscan 
shells. In this respect it differs very considerably 
from a true GHobigenna Ooze where the finer particles 
can be observed to be formed chiefly of Coccolitha, 
Rhabdoliths, and the smaller fragments of Globi- 
gerinidm. "Very few of the Pteropods are perfect. 
Many of the organisms are macroscopic. 


he composed chiefly of fragments of Pteropods and 
other pelagic Molluscs. Coccolitha and Rhabdoliths 
are present hut rare. A large number of the organ- 
isms are macroscopic. - A large quantity of the deposit 
and a large number of animals belonging to all the in- 
vertebrate groups were obtained in the dredgings at 
these depths. 


sieves are composed almost entirely of Pteropod and 
Heteropod shells, and a large part of the finer 
portions of the ooze seems to be made up of the com- 
minuted fragments of the shells of these pelagic 
Molluscs. The Coccoliths and Rhabdoliths are small 
and rare. Many of the organisms are macroscopic. 
Three hauls were taken with the dredge on this date, 
and yielded a large quantity of the deposit and many 
animals. 
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See Chart 8 and Diagram 2. 
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i 

Bate. 

i'qaitJon, 

43g 

Temperature 
of the Sea- 
water 
(Fahr.). 

Designation and Physical Characters. 

Carbonate op Calcium. 

I" 



** ; 

Jofctom 

9urfaoe 


Per cent. 

Foraminifera. 

Other Organisms. 

« , 

* 

1878 
Mar, 26 

Off/ 

19 41 OH. | 
65 7 Of,. 

1 

. 

8876 . 

9 

' 

0 

70 '0 

Run Olay, grey when, dry, 
coherent* breaking up in water, 
lustrous streak. 

, Residue brown. 

f 

7 -IS 

(4.-00 %), Globigerinidflej Pul- 
vinulim, 

(1*00 %), LagenidBBfc Trimcatu- 
lina t Amphistegwia* 

) 

(2-15 %), Gasteropoda, LamellL 
bronohs, Echini spines, Poly- 
zoa, Ooocoliths. 

25 

„ 27 

21 26 9 M“. 
,66.16 Of,, 

'2800 

■ 

i 

*76'0 

t 

i 

Rbd Clay, red-brown when dry, 

' very coherent, dried portions 
{ breaking up quickly in wator, 
lustrous' streak, plastic and 
unctuous wbon wet. 

Residue dark brown. 

6*00 

i 

(4*00 %), Globigertom Pul- 
vinulina. 

(1-00 %), MilioUna, Tcxtularia , 
Rotalidee. 

(1*00 %), fragments of Echini 
spines, Coccoliths, Rliabdo- 
Irfchs. 

i 

*27 

28 

22 49 0 N. 
66 10 OW. 

2000 

80-2 

76*6 

Rhd Clay,, grey wlion dry, very 
coherent, plastic, unctuous, 
homogeneous, breaking up in 
water, lustrous Btreak. 

Residue dork rod. 

8*25 

(1*25 %), Globigerina *, 

(2'Q0 %},. Frwicat'iUiiia, 

Two or throe Coccoliths only 
observed. 

28. 

,, 29 

24 89 0 N. 
05. 25 QW. 

2860 

;80-a 

1 75‘Q 

Red Olay, red-grey when 
; dry, unctuous, homogeneous, 
plastic, lustrous streak. 

1 Residue dark rod. 

18-79 

(15*00 %), Globigerinidro, Pul - 
vinuUna,, 

(2*00 %), TrufujatuUna . 

(1 *79 %), small tooth of fish. 

+29 

„ 81 

' 27 49 0 N\ 
04 60 0 W. 

27 QO 

80-4 

; 72*0 

Red Olay, rod-grey wlion dry, 
unctuous, plastic, homo- 
geneous, lustrous streak. 
Residue dark red. 

21-84 

(16*00 %), Globigerinidee, Pul - 
vinulina. 

(2*00 %), MilioUna , Tcxtularia , 
Lagcna , Ratal i dm. 

(4 *84%), Otoliths and tooth of fish, 
Gasteropoda, Lmnollibranohs, 
Ostracodes, Echini spines, a 
few Coccoliths.. 

80 

April 1' 

'■ 29 fi (Hf. 
65 1 0¥. 

2000 

36*6 

72*0 

! 

Red Clay, rod-grey, plastic, 
unctuous, homogeneous, sub- 
lustrous streak. 

Residue red. 

28 ‘88 

'(20*00 %), Globigorinidre, Pul- 
’ vinidina,. 

(8*00 %), MilioUna , Tcxtularia , 
Lagena, TruncatiUina. 

(5*88 %), fragments of Lamolli- 
branch shells, Ostracodes, 

Ecliini spines, Coccoliths, 

Rhabdoliths. 

81 

3 

81 24 0 N. 
65 0 0?. 

2475 

86*5 

09*5 

Globigerina Ooze, dirty white 
or grey, pulverulent, slightly 
plastic. 

Residue red brown. 

64-70 

(48-00 %), Globigcrinidre, Pul- 
vimuina. 

(1-00 %), Miliolidm. 

] 

(10-70 %), teeth of fish, Ostra- 
codea, a few minute fragments 
of calcareous' Algse, Coccoliths, 
Rhabdoliths.. 

82 

in 3 

81 40 0 tf. 
04 56. 0. W. 

2250 

80*7 

f 08*0 

Globigkhina Ooze-, dirty white, 
pulverulent, homogeneous. ■ 
Residue red-brown. 

09-61 

• (45-00 %), Globigerinidee, Pul - 
vinidina. 

(8 -00” %), Miliolidta, MargimuXina, 
Rotalidro, Nummdina. 

(21*01 %), Otolith b of fish, Gas- 
teropoda, Ostracodes, Echini 
spines, Polyzoa, many frag- 
ments of calcareous Algtn, Coc- 
coliths, Rhabdoliths. 

i- 

a 

3210 H. 

j 64 si a w. 

1820. 

r 

i 

J 

' 08'O 

i 

ObBAL Mud, white, chalky, 
pulverulent, granular. 

Residue dark brown. 

81-80 

(30-00 %), Globigerinidee,, Pul- 
vinulina. 

(10 '00 %),Miliolidee, Textularidee, 
i Nowmriar, Rotalidee, Num- 
i mulina, 

(41"86 %), Otoliths of fish, 
Serpula , Gasteropods, Lamelli- 
branchs, Pteropodsj Hetero- 
pods, Ostracodes, Echini 
spines, Polyzoa, Alcyonarian 
spicules, calcareous Algee, 
Ooccoliths, Rhabdoliths. 


* See anal. 11. 


t See anal. 25. 
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Per cent. Siliceous Organisms. 


Rasmus. 


Pine Washings. 


kj)h£fIOKAL OBSIRVATIONS, 


X'OO'JQ, Eadiolaria, Sponge f (20*00,%), m. di. 0*10 mm., 
■spicules, B&abdamrniiWL angular; felspar*, augite, 

i magnetite* glauoonite. a few 


magnetite, glauoonite, a few 
glassy volcanic particles. 


{1 *00 %), Eadiolaria and Sponge '(1*00 %), m. di. 007 mm., 
spicules. angular; sanidine, augite, 

magnetite, tourmaline, epi- 
dote, zircon, glassy volcanic 
fragments (some altered to 
palagonite), manganese grains, 

(1*00 %), one or two siliceous (1*00 %), m. di. 0*06 mm., 
spicules, and fragments of , angular ; felspar, magnetite., 

Eadiolaria. glassy volcanic fragments. 


(71*85 %), <amorphott& "matter, 
minute mineral particles, a 
few remains of siliceous organ - 
ismjL 


02 ‘00 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
ism s. 


In this sounding— which is the deepest taken hy the 
Challenger in the Atlantic — the deposit was rod on 
the surface, while the deeper layers were greyish, and 
appeared to oontaiu more carbonate of lime than the 
upper. The dredge contained a red coloured mud, but 
no organisms, other than a few dead shells of Eoramin- 
ifera, A sounding tube which was sent down attached 
to the dredge gave on. the outside Borne traces of a blue 
mud. The deposit brought home contains some Ptero- : 
pods and other Mollusoan shells and Foraminifera, 
whioh appear to have come from a previous dredging, 
possibly from the same dredge having been used. 
During the early part of the cruise there was not so : 
much care taken as later. There are, however, some ' 
things whioh indicate two distinct layers in this ; 
deposit. ; 

Note the increase of amorphous matter with decrease of 
carbonate of lime in these soundings. The organisms 
are few in number, and are in a more or loss fragment- 
ary condition* The manganese grains are relatively 
rare. 


(94*75 %), amorphous matter. Only slight effervescence was observed When the deposit 
with many minute fragments was treated with dilute acid, Evon in the washings of 
of minerals, and a very few a lwge quantity, of the deposit there were few cal- 
fragments of siliceouB organ- careous organisms. 


81*21 {l’OQ %), a few Sponge spicules 
and one or two arenaceous 
Foraminifera. 


78'16 (1-00%), Eadiolaria, Sponge 

spicules, ABtrorhizidce, Hap- 
WpJiA'agmiurrL 


71*12 (1*00 %), a few Sponge spicules, 

one or two Eadiolaria, Saplo- 
phragmiurn* 

45*30 (i *oo %), Sponge spicules, Saplo- 


30*39 {1*00 %), Eadiolaria and Sponge 

spicules, Tro^mmmoL 


(1*00%), m. di. 0*06 mm., 

angular; felspar, magnetite, 
minute pieces of pumice, one 
or two manganese grains. 

(1*00%), m. di. 0*06 mm., 

angular; a few fragments of 
felspar, augite, palagonite, 
volcanic glass, manganese . 
grains. 

(1*00%), m. di. 0*06 mm., 

angular ; a few fragments of . 
sanidine, magnetite, and 
volcanic glass. 

(1*00%), m. di 0*06 mm., 

angular ; felspar, volcanic 
glass, magnetite. 


(1*00 %), m. di 0*06 mm., 
angular; fragments of felspar 
and volcanic glass* magnetite, 
augite. 


(79*21 %), amorphous matter, 
many minute mineral particles, 
and a few fragments of sili- 
ceous organisms. 

(70*16 %), amorphous matter, 
fine mineral particles, ana 
fragments of siliceous organ- 
isms. 


(69-12 %), amorphous matter, 
minute mineral particles, and 
a few fragments of /siliceous 
organisms. 

(43*80 %), amorphous matter, j 
minute mineral particles, and 
small fragments of siliceous 
organisms. 

(28*89 %), amorphous matter, 
minute mineral particles, and 
fragments of siliceous organ- 


ise organisms observed in this deposit are very minute, 
and in a more or less fragmentary condition. Dredge 
empty. 


A large quantity of tho deposit came up in the dredge. 
When this was passed through fine sieves a few pellets 
of manganese, about one millimetre in diameter, were 
obtained, also some pieces of palagonite, and one piece 
of pumice. 

The deposit in the sounding tube indicated the same kind 
of day as in preceding station. 


This deposit contained much amorphous matter. Note 
the increase of carbonate of lime with decreasing depth 
in the last few soundings. 


Some of the, organisms are macroscopic. The presence of 
fragments or calcareous Alg© showB the approach to 
shallower water. 


18’14 (2*00%), Eadiolaria, Sponge (1*00%), m. di. 0*08 mm., (15*14 %), amorphous matter, 

spicules, JRJiahdamrMTia, Saplo- angular ; a few fragments of small fragments of siliceous 
pkragmium t a few Diatoms. felspar. * organisms and minerals. 


Many of the organisms are macroscopic. Between 10 and 
. 20 per cent of the carbonate of calcium contained in 
this deposit is made up of numerous fragments of cal- 
careous Algae, a true indication of sudden shallowing of 
water, which the following soundings show. 


St. Thomas to Bermuda— continued. 



At Bermuda, inside the reef. Off Bermuda. 


.THE VOYAGE OE H.M.8. CHALLENGER. 



See Chart 8 and Diagram 2. 


5 ’■§ Bate. Position. 

IS 


Temperature 
of the Sea- 
water 
(Pahr.). 

.Bottom I Surface 


Designation mid Physical Characters. 


Carbonate of Calcium. 


Poraminlfera. 


Other Organisms. 


f-t « 

(Sl *82 b April 8 82 10 0 N. 960 

o.I 64 62 0 W. 


68 0 Coral Mto, white, ohalky, 88-36 (86-00 %), Globigerinidm, Pul- (48-86 %), Otolitha of fish 

hrown-hkok <^ tero P°*>. MU 


(0 00 %), Mihohdffi, Teztulandre, branchs, Pteropods, Hetero- 
Lagemdffl, Rotalidm, Num- pods, Ostracodes, Echinoderm 
miumideB. fragments, Polyzoa, Alcyon- 

arian spicules, calcareous Alga*, 
Coccolltbs, Rhahdoliths. 


+82d „ 4 82 19 0 N. 880 1 

64 40 OW, 


,, 4 82 21 80 N. 486 

64 86 66 W. 


tt 17 1 mile from 200 

reef. 


VI '§ Coral Mud, white, chalky, 89 '( 
pulverulent, granular. 

Residue brown-black. 


08*0 Coral Mud, white, chalky, 
pulverulent, granular. 

Residue brown-black. 

Coral Sa^td, white, with red 93 *34 

fragments. 

Residue green coloured, with 
organic matter. 


I C 16 '. 00 A Globigermidw, PuU (59-68 %), Otoliths of fish 
nMn°/^n^v > J ll0 $ lra l‘ 1 m Serpula, JDentaliim, Gastero- 

U ^ le ’ H 8 - Ijamc ll’hranol's J - Ptoro- 

^ ld0i ’ Pfc, Heteropods, Ostracodes, 

Eotalid®, KnmmulimdtE. fragments of Echinodenns, 

Polyzoa, Bathyaetis and otlior 
Mailreporaria, Aloyoimriau 
spicules, calcareous Algro, 
Coccoliths, a few Rhabdoliths. 


(5 rinilL GkMS0rini ^ m ’ ( p8 r ; 34 %). Otoliths of ilsh, 

fBfi-00 °/\ ' TWilinii^m rr l Serpula, Gnstoropods, Jjamolli- 

(86 00 Z), Muiolidm, Textu- branchs. Ptero™,l« 


i '3 -r ~ 

lanara, Lagenidee, Rotalidee, 
Niunmuliniaro. 


branchs, Pteropods, Ostracodes, 
Echinoderm fragments, Poly- 
zoa, Corals, Alcyone rian 
spicules, calcareous Algol. 


82 24 0 N. ej 
64 44 0W. 


C XhtkToCelt ° r 81671 7617 9648 ( 4 °-°° %)> Miliolida*. 

Residue brown. 


(65 *43 / a ), Be rpula, Gasteropoda, 
Lamollibranchs, Ostracodes, 
Echinoderm fragments, cal- 
careous Algie, 


84 32 80 W. 6 fll '° 9 mmWioMn, Polynia. (51-09 %), Gasteropoda, 

plastic, chalky, granular. Lamellibranchs, Ostracodes, 

Residue brown. Echinoderm fragments, Poly- 

zoa, Corals, calcareous Algtn. 

^ ^ C °Xe? A ^nSf ed ^ md 90 ' 18 Ectahd., (8018 %) Serpula, Gosteropods, 

Residue brown. Bolystomella . Lamellibranchs, Ostraoodos, 

Polyzoa, Corals, Alcyonarian 

82 22 80 N e P . spicules, calcareous Algro. 

L ” 644210w: 86,77 '“a* 1 

Residue dark green-brown. Echinoderm fragments, cal car- 
d's f 36 a „ 22 82 39 ON. 2460 afl-fi «*.o ~ ^ eous Algee. 

|.|. 66 6 ° W * ^uk^ A sligMy dir ^l l OTMt; 66 ’ 00 ^LiBl Globi « erinid ®- < 15 p 00 %), Gasteropoda, Pteropods, 

111 ^Eeridue red-brown. (B^MiUoHda, SS3^S335SL^ 


82 18 81 N. 41 
64 61 45 W. 


82 22 80 N. e 
64 42 10W. 


See PL XIII. figa, 2a, 26. 


t See PL XIII. fig. 4. 


t See PL XIII. fig, 1. 


REPORT ON THE DEEP-SEA DEPOSITS. 


Siliceous Organisms. 


Tine Washings. 


Additional observations. 


O-'OO /O, Sponge spicules, Radio- (1*00 %), m. dL 0*00 mm. 
laria, Lituoliche, a few I angular ; a few fragments o 
Diatoms. 


angular ; a few fragments of 
felspar and volcanic glass. 


(8 *64 %), amorphous matter, 
fragments of siliceous organ- 
isms, and a few fragments of 
minerals. 


Some of the organisms are macroscopic. There is a great 
deal of amorphous calcareous matter in the deposit. 


(1*00%), Sponge spicules, Radio- (3 ’00 %), m. dL 0*00 mm., 

| lana, Lituolidra, arenaceous | angular; felspar and volcanic 
Textularidee, Diatoms. 


angular; felspar and volcanic 
glass. 


(8*32%), amorphous matter, 
with fragments of siliceous 
organisms and minerals. 


Many of the shells and fragments of other organisms ore 
macroscopic, the latter 'varying in Bize from 1 to 
20 mm., the majority being from ,4 to 6 mm. in 
length. The washings which remain after passing these 
deposits through the sieves consist chiefly of the shells 
of pelagic MoIIubcs and Foraminifera, with broken pieces 
of large calcareous Foraminifera, JSerpuZa tubes, 
Polyzoa, Corals, calcareous Algea, &c. The percentage 
of carbonate of lime is the mean of the analyses of the 
two samples. 

Dredge half full of chalky Coral Mud. 


(1*00%), Radiolaria, Sponge (1*00%), m. dL 0*06 mm., 
spicules, Lituolidffi, one or two angular; felspar and volcanic 

Diatoms. glass. 


(4 ‘00 %), some amorphous 
matter, minute fragments of 
minerals, siliceous spicules, 
and organic matter. 


The majority of the particles making up the sand are 
about I or 2 mm. in diameter, but some arc much 
larger. Although pelagic Molluscs and Foraminifera 
are present the carbonate of calcium is mostly made 
up of the shells of bottom-living organisms. 


(1*00%), Sponge spicules, im- 
perfect casts of Foraminifera, 
Diatoms. 


(1*00 %), m. di. 0*15 mm., 
angular and rounded; quartz, 
felspar, a few glassy volcanic 
fragments, black mica. 


(2*67 %), a small quantity of 
amorphous matter, fragments 
of siliceous spicules and 
Diatoms, a few fine glassy 
particles. 


This deposit is chiefly made up of calcareous Algm and 
fragments of Casteropod and LameUibranch shells. 
The finer parts appear to he chiefly derived from the 
decomposition of calcareous Algse. 


91 (1*00 %), Sponge spicules, a few 

imperfect casta of Foramina - 
fera. Diatoms. 


82 (1 *00 %), Sponge spicules, one or 

two imperfect casta of Fora- 
minifera, Diatoms. 


23 (1*00 %), Sponge spicules, 

Diatoms. 


00 (1 ‘00 %), * Radiolaria, Sponge 

spicules, ITaplophragmium, 
one or two Diatoms. 


(I'OO A di 0*40 mm., (6*91%), fine flocculent amor- The deposit iB made up chiefly of calcareous Algce and their 
angular; a few particles of phons matter, siliceous and broken down parts, with a few of the other organisms 

quartz and glassy volcanic mineral re m ains. mentioned ; these latter are fragmentary. The whole 

lra S men ^ 8 * forms a coarse cement-like mass with a greenish tinge. 

Many of the organisms are macroscopic. 

(1*00%), m. dL 0*50 mm., (7*82%), a small quantity of About 50 per cent of the carbonate of lime in the sand is 

angularandrounded; particles amorphous matter, siliceous' made up of calcareous Algm, the particles measuring 

ot quartz, glassy volcanic and mineral remains. from 1 to 10 mm. in diameter. Many of the organisms 

lra S menta * are macroscopic. 

(2*00%), m. di. 0*80 mm., (10*23%), amorphous matter, The residue contained many fragments of coal. It is 

rounded ; quartz, hornblende, fragments of Sponge spicules possible that at least Borne of the minerals found here 

glassy volcanic particles. and Diatoms, small mineral have been discharged from passing ships. 

particles. 1 

(1*00%), m. dL 0*07^ nun., (82*00 %), amorphous matter, The Foraminifera obtained in this deposit are mostlv of 

angular; samdinejplagioclase, minute fragments of minerals ' pelagic origin. Note the decrease in the quantiiw of ^ 

glass, anpte, tom- and siliceous organisms. carbonate of lime with increase of depth and distance I 

blende, magnetite. from the reefs. 


(1*00%), m. dL 0*60 mm., 
angular androunded; particles 
of quartz, glassy volcanic 
fragments. 

(2*00 %), m. di. 0*80 mm., 
rounded; quartz, hornblende, 
glassy volcanic particles. 


(deep-sea deposits osaIiL. exp. — 1890 .) 


Off Bermuda. At Bermuda, inside the reef Off Bermuda. 


Sflfl Charts 8 and 0, and Diagram 2. 


THE VOYAGE OF H.M.S. CHALLENGER. 


Temperature 
5 5$ of the Bea- 

Dnte. Position. £j § water 

&3 (Pahr.). Designation and Phyrioal Charaoters. 


CARBONATE OP OAXiOIUM. 


Per cent. 


Foraminlfera. 


Other Organisms. 


J-O/O O o 

P 2 66 2 0 owl 2100 86 6 68 0 g “bigbehta Oozb, dirty white, 7718 

granular, chalky, 

Residue red-brown. 


*860 „ 22 82 16 0 N. I960 

66 8 OW. 


68-0 Gcomanitt. Ooze, white, 81-81 
ohalty, granular, slightly 
coherent ° J 

Residue brown. 


(45*00 %), Globigerinid®, Pul- 
vinulina. 

(6*00%), Miliolid®, Textu* 
land®, Rotalidce, Nummu- 

linidfB. 

(53*00 %), Globigermidce, Oymba- 
lopora. 

(3*00%), Miliolidm, Textu- 

laridtB, Lagenid®, Rotalid®, 
Nummulinid®. 


23 Challenger S2 
Bank. 

tt 24 32 18 0 N. 2050 86 *5 68*0 nr 

65 88 8 W. Globigeeika Ooze, brownish 62*47 

when wet, dirty white when 
toy* slightly coherent, gran- 

Residue red. 

jj 25 88 8 ON, 2000 36*fi 70 *0 n 

60 82 0W. GHobigerina Ooze, brown when 60*84 

wet, dirty white when dry 
granular, slightly coherent * 

Residue red. 


Large specimens of CnutcUwria 

I and other Fonuninifera. 

(50*00 %), Globigerinidra, Pul- 
mimlma, 

(2 00 %), V rriimilina, Lagonid®, 
Truncatulina. 

I (45 *00 %), Glohigerinid®, Pul - 
omulim. 

(1 '00 %), Oassidulma, Truneaiu- 
liTiOi Nonionina* 


(27*13 %), Otoliths of fish, Ser- 
pufa, Gasteropods, Pteropods, 
Echmoderm fragments, Poly. 
zotL calcareous Alg®, Oocco- 
hths, Rhabdoliths. 

(25*81 %), Otoliths of fish, Scr- 
pufa, pentaliwm , Gnstoropods, 
Lamellibranchs, Pteropods, 

Ustracode volvos, fragments of 
Ecninoderms, Polyzoa, oal- 
Coccolitha, 

Rhabdoliths. 

I l? g ,?' enta of Echinodcrms, 
MoIIubos, &c. 

(10-47 %), Otoliths of fish, 
Lamellibranchs, Ptornpods, 

Ostracodes, Echini spinos, 
rolyzoa, caloaroous Algtc, 
Coccolitbs, Rhabdoliths. 

(4*84 %), small teeth of fish, 
Ooccoliths, Rhabdoliths. 


i> 27 84 8 0 N". 2850 36*6 6B'0 t? 

67 82 ° W ‘ J***®? rtLtau 28 ‘ 81 (2 SIi. Gl0bi66rinid,B ’ ** ( 6 -81%). small teeth of fish 

Mdnored. I <*S° KOmA. ° 000oliths > * fu " 


foZaXrr Ostracodes, 1 

2 Rot^dtr^ 7 ^^^ Pulhma, Rhabdoliths. 


1- 28 34 51 0 HT. 2675 

68 80 0 W. 


Gl 5“f A Sn|e, Tightly ^ Globi 8^d«. M %) small teeth of fish, 

• s=E 


42 .. 30 86 68 0 N. 2426 a«-8 «fi-o t, 

70 86 0 W. 8 8 86 0 Blub Mot, <Ji 


dry, plastic, homo mZ$L aioblgennld *' ** («« %). Cepholopod beats frog- 

geneons, earthy. ’ n S . „ manta of ^chiioderma cS 

Besidue brown. (1 ZP’ “ W Tnmatv ' «• or two SoUthf 


43 May 1 86 2 s ON. 2^00 

71 46 0W. 

44 » 2 87 25 0 BT. I7o 0 

71 40 0W. 


P2 56*5 


24-61 (l aa ~ 

det^Xy taimnggnttypaiti - O JO %) MilioUd®, Textnlarida, fronts feeoL^T’ 6 ™ 

Beaidue dark brown. Lagemd*, Botalida, -pC! a’fewBffloii^“ C °' 


l . See PI. XII, fig. 8. 
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RESIDUE. 

. 

ADDITIONAL OBSERVATIONS, 

sent. 

Siliceous Organisms. 

Minerals. 

Bine Washings. 


*87 

(1*00 %), Radiolaria, Sponge 
spicules, Lituolidro, one or 
two Diatoms. 

(1'00%), m. cli. 0'0 7 mm., 
angular ; felspar, volcanic 
glass, augito, magnetite. 

(20-87 %), amorphous matter, 
small fragments of minerals 
and siliceous organisms, 

With the exception of the Foraminifera the organisms 
are mostly fragmentary; some of the fragments are 
macroscopic. 

69 

(1-00 %), Radiolaria, Sponge 
spicules, Astrorhizidre, Lifcu- 
olidra, one or two Diatoms. 

(l’OO %), m. di. 0*07 mm., 
angular ; felspar, volcanic 
gloss, augito, magnetite. 

(10*69 %), amorphous matter, 
many minute fragments of 
siliceous organisms, and small 
mineral particles. 

'Some of the shells are maoroBcopic. The pelagic organ- 
isms here predominate over the fragments of calcareous 
Algcs, Polyzoa, &o., washed from the reefs. The finer 
portions contain many more Oooooliths and Rhabdo- 
Uths than the deposits nearer the reefs. 

• 

... 

... 

... 

This bank i a oovered with Coral a, Serpitia, and calcareous 
pebbles. J 

53 

(1*00 %), Sponge spicules, one 
or two Radiolaria, Aschomo- 
nella , Lituolides. 

(1*00%), m. di. 0*07 mm., 
angular; felspar, angite, vol- 
canic glass, magnetite. 

(36 *53 %), amorphous matter, 
minute fragments of minerals 
and siliceous organisms. 

With the exception of the Foraminifera all the other " 
organisms are represented by minute fragments ; some 
of these axe much corroded as if being slowly dissolved. 
Dredge contained a quart bottle (over a litre) of deposit. 

LG 

(1*00 %), a few Sponge spicules 
and Radiolaria, one or two 
specimens of Haplophrag- 
mium and Gaudryvm. 

(2*00 %), m. di. 0*08 mm., 
angular, a few rounded ; sani- 
dine, pligioclase, augite, horn- 
blende, magnetite, volcanic 
glass, black mica, quartz, 
manganese grains. 

(46'16 %), amorphous matter, 
with minute fragments of 
minerals and siliceous spicules. 

The organisms in this deposit are vory much broken up 
and decomposed. One or two grains of manganese, 

1 to 3 mm. in diameter, were observed. 

59 

(l'OO %), one or two fragments 
of siliceous spicules, Litu- 
olidxe, Diatoms. 

(5-00 %), m. di 0*10 mm., 
angular ; quartz, monoolinic 
and triclinic felspars, tourma- 
line, augite, hornblende, 
mica, manganese grains, 
glauconite. 

(66*09 %), amorphous matter, 
with a great many minute 
fragments of minerals . and a 
few fragments of siliceous 
organisms. 

The minerals ore mostly angular ; a few of them approach. 

0*4 nun, in diameter. Note decrease of carbonate of 
lime with increasing depth. This deposit is inter- 
mediate in character between a Red Clay and Blue 
Mud; the mineral particlos are ice-borne. 

.7 

(1*00 %), Sponge spicules, two 
or three Radiolaria, a few 
imperfect oasts, Lituolidce. 

(3 ’00 %), m.di. 0*06 mm., angu- 
lar ; felspar, hornblende, 
augite, magnetite, mica, 
quartz, glauconite, glassy 
volcanic particles, coloured 
altered particles, a few man- 
ganese grains. 

(60*17 %), amorphous matter, 
many tine mineral particles, 
and a few fragments of sili- 
ceous organisms. 

No deposit was obtained in the sounding tube, but a 
small quantity of the ooze came up iu the dredge. The 
mineral particles are chiefly angular, but among them 
are many rounded quartz grains. 

1 

i 

6 

(1 '00 %), Sponge spicules, Radio- 
laria, Ehnldammimi Litu- 
olidsa, Diatoms. 

(40*00 %),m. di. 0*20 mm. , angu- 
lar ; monoclinio and triclinio 
felspars, augite, hornblende, 
quartz, tourmaline, lapilli, 
mica, glauconite, a few man- 
ganese grains, pyrites, mag- 
netite. 

(34*06 %), amorphous matter, 
with minute fragments of 
minerals, a few fragments of 
Radiolaria and Diatoms. 

1 

This deposit had a reddish surface layer. Rhabdoliths 
have almost entirely disappeared, only a few being 
recognised on the examination of a large quantity of 
the deposit. The minerals are mostly angular ; a few 
are rounded. 

In first sounding line parted ; in second no bottom at a 
depth exceeding 2600 fathoms. 

9 

(1 *00 %), a few Sponge spicules, 
Radiolaria, _ Astrornizidce, 
Lituolidee, Diatoms. 

i 

i 

i 

(40*00 %), m. di. 0*20 mm., 
angular ; felspar, augite, horn- 
blende, quartz, mica-schist 
and other rooks, some of them 
chloritiOj magnetite, glauconite. 

(84*89 %), amorphous matter, 
many fine mineral particles, 
fragments of Sponge spicules 
and Diatoms. 

The minerals are mostly angular ; some fragments of 
quartz and gneissio rooks are about 1 mm. in diameter. 
Several rounded pebbles were obtained in the washings 
from the dredge, measuring from 2 to 6 cm, in 
diameter, also a few irregular fragments of hardened 
deposit, forming a conglomerate of a yellow-green 
colour ; amongst those were several rounded compact 
chalky nodules, apparently formed of the deposit, 
measuring from 1 to 3 cm. in diameter, 4 
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THE VOYAGE OP H.M.S. CHALLENGER. 


See Cherts 8 end 9, end Diagram 2. 


■ 

n 

Bute. 

Position. 

a$ 

Temperature 
of the Sea- 
water 
CFahr.). 

Designation and Physical Characters. 

Carbonate or Calcium. 

1 

ill 




Bottom 

Snrfaoe 


Per cent. 

Poraminlfera. 

Other Organism a. 

1 

86b 

1878 
April 22 

O f ft 

82 26 0 N. 
66 9 OW. 

2100 

o 

80*5 

o 

08 '0 

Globigbrina Ooze, dirty white, 
granular, chalky, 

Residue red-brown. 

77-18 

(45*00 %), Globigerinidfle, Pul- 
vmullm, 

(5*00%), Miliolidro, Tertu* 
laridee, Rotalidse, Kummu- 
linidfla. 

(27*13 %), Otoliths of fish, tfer- 
pula, Gasteropoda, Pteropods, 
Echiuoderm fragments, Poly- 
zoa, calcareous Algai, Cocco- 
liths, Rhahdoliths. 

1 

§ 

*360 

. 

„ 22 

82 16 0 N. 
66 8 OW. 

1960 


08 *0 

Globigeruta Ooze, white, 
chalky, granular, slightly 
coherent, 

Residue brown. 

. 

81*81 

(68 '00 %), Globigerinidro, Cymba- 
loporcu 

(8 ‘00 %), Miliolidce, Textu- 
laridtB, Lagonidro, Rotalidse, 
Hummnliuidoe. 

(26*31 %), Otoliths of fish, Scr- 
pula , Dentalium , Gastoropods, 
Lamollibronchs, Ptoropoda, 
Ostracodo valvos, fragmonts of 
Eohinodcrms, Polygon, cal- 
careous Algco, Coccoliths, 
Rhabdoliths. 



„ 23 

Challenger 

Bank. 

82 




... 

Large specimens of Oristollaria 
and other Foraminiforo. 

Fragmonts of Ecliiuodcrms, 
Molluscs, &Q, 


87 

,» 24 

82 18 0 N. 
86 88 8W. 

2660 

38-5 

08*0 

Globigehina Ooze, brownish 
when wet, dirty white when 
dry, slightly coherent, gran- 
ular. 

Residue red. 

62'47 

(50*00 %), Globigorinidro, Pul - 
vinukna. 

(2*00%), Verncwilivici, Lagenidtu, 
Truncaiulina, 

(10*47 %), Otoliths of fish, 
LamcllibrancliH, Pteropods, 

Ostracodes, Echini apinos, 
Polyzoa, calcareous Algm, 
Coccoliths, Rhabdoliths. 


88 

„ 26 

S3 8 0 17. 
66 82 OW. 

2000 

88 '6 

70-0 

Globigertna Ooze, brown when 
wet, dirty white when dry, 
granular, slightly coherent 
Residue red, 

! 

60*84 

(45*00 %), Globigerinidm, Pul- 
vinulina. 

(1 *00 %), Camdulwia, Truncatu - 
UnOi Nonionina. 

(4*84 %), small teeth of iiHli, 
Coccoliths, Rlmbdolitlis. 


89 

.. 27 

84 3 OF, 
67 82 OW. 

2860 

80'6 

66*0 

Red Clay, grey when dry, 
coherent, earthy, sublustrous 
streak. 

Residue red. 

28*31 

(20*00 %), Globigerinidfle, Pul- 
vinulina. 

(2*00 %), Fem&uilim, Pullonia, 
Rotalidfle. 

(0*31 %), small teeth of fish, 
Ostracodes, Coccoliths, a few 
Rhabdoliths. 

i 
■8 ' 

1 

g 

* 

46 

,, 28 

84 61 0 sr. 
68 SO 0 W. 

2676 j 

1 

... 1 

j 

69*5 

Globigetiina Ooze, grey when 
dry, with a pink tinge, slightly 
coherent, gritty. 

Residue dark brown. 

46*83 

(40*00 %), Globigerinidre, Pul- 
vmulim. 

(1 *00 %), Miliolina , Pullenia , 
TrUTicatulim. 

(4*88 %), small teeth of fish, 
Cephulopod beaks, Ptoropod 
fragmonts, Echini spines, 
Coccoliths, a few Rhabdoliths. 

42 

„ 30 

SB 68 0 N. 
70 86 0 W. 

2425 

30*8 

06*0 

Blue Mud, dirty grey when 
dry, plastic, coherent, homo- 
geneous, earthy. 

Residue brown. 

24*34 

(20*00 %) Globigerinidfle, PuX- 
vinulvm. 

(1 *00 %), Oaudryi'tia 3 Truncatu- 
Ivm. 

(3 *84 %), Cephalopod beaks, frag- 
ments of Echinodorms, Cocco- 
liths, one or two Rhabdoliths. 


48 

May 1 

86 28 OX. 
71 46 OW. 

2600 

30*2 

60*6 


1 

... 



44 

n 2 

87 26 ON. 
71 40 OW. 

1700 



Blue Mud, with reddish upper 
layer, blue -grey when dry, 
plastic, containing gritty parti- 
cles, earthy. 

Residue dark brown. 

24*01 

(18*00 ^), Globigerinidfle, Pul- 
vinulina. 

(2*00 %), Miliolidee, Textularidfle, 
Lagenidfle, RotalidflB. 

(4-61 %), Otoliths offish, Lamcl- 
libranch sheila, Echinodenn 
fragments, Coccoliths, Oooco- 
Bpheres, a few Rhabdoliths. 


* See PL XII. fig. 8. 
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Fine Washings. 


Additional Observations, 


87 (1*00 %), Radiolaria, Sponge (1*00%), m. di. 0*07 mm., (20 ‘87%), amorphous matter, With the exception of the roraminifei’a the organisms 

spicules, Lituolid©, one or angular ; felspar, volcanic small fragments of minerals are mostly fragmentary ; some of the fragments are 

two Diatoms. glass, augito, magnetite. and siliceous organisms. macroscopic. 


(1 *00 %), Radiolaria, Sponge 
spicules, Astrorhizid©, Litu- 
olidm, one or two Diatoms. 


(1*00 %), m. di. 0*07 mm., 
angular ; felspar, volcanic 
gloss, augite, magnetito. 


(10*09 %), amorphous matter, 
many minute fragments of 
siliceous organisms, and small 
mineral particles. 


'Some of the shells are macroscopic. The pelagic organ- 
isms here predominate over the fragments of calcareotiB 
Algro, Polyzoa, &o. f washed from the reefe. The finer 
portions contain many more Cocoolitlis and Rhabdo- 
liths than the deposits nearer the reefe. 


... ... This bank is covered with Corals, Serpula, and calcoroons 

pebbles. 

3 (1*00%), Sponge spicules, one (1*00%), m, di 0*0 7 mm,, (85 '68 %), amorphous matter, With the exception of the Poraminifera all the other 

or two Radiolaria, Aschemo- angular j felspar, augite, vol- minute fragments of minerals organisms are represented by minute fragments ; some 

noUa , Lituolid©. cardo glass, magnetito. and siliceous organisms, of these are much corroded as if being slowly dissolved. 

Dredge contained a quart bottle (over a litre) of deposit. 


(1-00 %\ a few Sponge spicules 
and Radiolaria, one or two 
specimens of ZTaplophrag - 
mium and Qaudryvm. 


3 {1*00 %), one or two fragments 

of Bilioeous spicules, Litu- 
olid©, Diatoms. 


(1*00%), Sponge spicules, two 
or three Radiolaria, a few 
imperfect costs, Lituolidce. 


(1 *00 %), Sponge spicules, Radio- 
laria, Ah a b da7nmina> Litu- 
olid©, Diatoms. 


(1 *00 %), a few Sponge spicules, 
Radiolaria, Astrorhizid©, 
lituolid©. Diatoms. 


(2’00 %), m. di. 0*08 mm., 
angular, a few rounded; aoni- 
dine, plagioclase, augite, horn- 
blende, magnetite, volcanic 
glass, black mica, quartz, 
manganese grains, 

(5*00 %), m. dL 0*10 mm., 
angular ; quartz, monoclinic 
and triclinio felspars, tourma- 
line, augite, hornblende, 
mica, manganese grains, 
glauconite. 

(8*00 %), m.di. 0*00 mm., angu- 
lar ; felspar, hornblende, 
augite, magnetite, mica, 
quartz, glauconite, glassy 
volcanic particles, coloured 
altered particles, a few man- 
ganese grains. 

(40 ‘00 %),m. di. 0'20 mm., angu- 
lar ; monoclinio and triclinic 
felspars, augite, hornblende, 
quartz, tourmaline, lapilli, 
mica, glauconite, a few man- 1 
ganese grains, pyrites, mag- 
netite. " ! 


(40 ’00 %), m. di. 0*20 mm., 
angular ; felspar, augite, horn- | 
blende, quartz, mica-schist 
and other rocks, some of them 
chloritic, magnetite, glauconite. , 


(40 -10 %), amorphous matter. The organisms in this doposit are very much broken up 
with minute fragments of and decomposed. One or two groins of manganese, 

minerals and siliceous spicules. 1 to 3 mm. in diameter, were observed. 


(05*09 %), amorphous matter, 
with a great many minute 
fragments of minerals and a 
few fragments of siliceous 
organisms. 

(50*17 %), amorphous matter, 
many fine mineral particles, 
and a few fragments of sili- 
ceous organisms. 


(34*06 %), amorphous matter, 
with minute fragments of 
minerals, a few fragments of 
Radiolaria and Diatoms. 


(34*89 %), amorphous matter, 
many fine mineral particles, 
fragments of Sponge spicules 
and Diatoms. 


The minerals aro mostly angular ; a few of them approach 
0*4 rain, in diameter. Note decrease of oarbonate of 
lime with increasing depth. This deposit is inter- 
mediate in character between ft Red Clay and Blue 
Hud; the mineral particles are ice-borne.. 


No deposit was obtained in the sounding tube, but a 
small quantity of the ooze came up in the dredge. The 
mineral particles are chiefly angular, but among them 
bto many rounded quartz grains. 


This deposit had a reddish surface layer. Rhabdoliths 
have almost entirely disappeared, only a few being 
recognised on the examination of a large quantity of 
the deposit, The minerals are mostly angular ; a few 
are rounded. 

[ 

In first sounding line parted ; in second no bottom at a 
depth exceeding 2600 fathomB. 

The minerals are mostly angular ; some fragments of 
quartz and gneissic rooks are about 1 mm. in diameter, 
Several rounded pebbles wore obtained in the washings 
from the dredge, measuring from 2 to 6 cm. m 
diameter, also a few irregular fragments of hardened I 
deposit, forming a conglomerate of a yellow-green 
colour ; amongst these were several rounded compact 
chalky nodules, apparently formed of the deposit, 
measuring from X to 8 cm. m diameter, 


Off Bermuda — continued. ' Bermuda to 






Halifax to Bermuda. 


THE VOYAGE OE H.M.S. OHALLENGEE. 


See Chart 9 and Diagram 2 . 


3 . 


li 

Date. 

I s 





Other Organisms. 


f 45 May 3 88 84 OH, 1240 37 ‘2 49*5 Blue Mud, blue -grey when dry, 14 *59 (10 '00 %), Globigerinidee, Pul- (8 *59 %), OtolitliB of fish, Lamel- 

1 72 10 OW. coherent, earthy, containing vinulina . li branch shells, Oatracode 

gritty particles. (1 *00 %), Miliolid©, Textularidee, valves, Echinoderm fragments, 

Residue dark grey. Lagenidae, Rotalidee, Hum- Coccoliths, Coccospheres, one 

muHnidffi. or two llhabdoliths. 


i i 

48 ,, 6 40 17 0 H. 1850 87*2 40 '0 Blub Mud, bine-grey when dry, 

66 48 OW. coherent, earthy, with gritty 

particles. 

! Residue dork grey. 


15*40 (8*00 %), Globigerinidee, Pul- (5*40 %), Otoliths of flsli, Lumol- 

vinulina . libmnchs, Pteropods, Echino- 

(2*00 %}, Miliolidee, Rotalidee. derm fragments, Coccoliths, 

* Coooospheres. 


7 41 14 0 H. 1840 

65 46 0 W. 


42*0 Blue Mud, blue-grey when dry, 

; coherent, earthy containing 

many gritty partioles. j 

Residue dark brown. 


6*68 (3*00 %), Globigerinidee, Pul - (2*68 %), Cephalopod beaks, Eohi- 

vinulim. noderm fragments, Coocolitlis, 

(1*00 %), Miliolidee, Textularid®, Coccoapheres. 

Lageniike, Rotalidee. 


8 43 4 ON. 51 

64 5 0W. 


38*0 Rock, gravel, stones, &e. \ 


49 „ 20 43 8 0 H. 85 85*0 40*6 Gravel, stonea, Ate. 

68 39 0W. I 

60 „ 21 42 8 0 H. 1250 88*0 45*0 Blue Mud, blue-grey when dry, 

68 89 0W,. coherent, earthy, containing 

gritty particles. 

Residue dark blue-brown. 

61 ,, 22 41 19 0 H. 2020 36*0 69*0 Blue Mud, dirty grey when dry, 

63 12 0 W. containing sandy particles, 

earthy. 

Residue brown. 


16*26 (10*00 %), Globigerinidee, PuU (3*25 %), Echinoderm fragments, 

vinulina. Coccoliths, Coccoapheres. 

(8*00 %), Miliolma, Textularia , 

Lagenidee, Truncatulina. 

27*75 (20*00 %), Globigerinidee, Pul- (6*75 %), Echinoderm fragments, 

vinulina. Coccoliths, Coccoapheres. 

(2*00 %), Miliolidee, Textularidoe, 

I LagenidfE, Rotalidee, Nonionina. 


” 23 oo ot ft -S' 2800 86 * 2 brown-grey when 25*02 (20*00 %), Globigerinidee, Pul- (3*02%), fragments of Ecliino- 

68 22 0W. dry, ooherent, containing gritty vinulina. derms, Coccoliths, a few Cocoo- 

particles, earthy. (2*00 %), MUiolina , Lagenidre, spheres. 

R^idne brown. Truncatulina. 


” 26 !!!! o\v* 2650 36 3 78 0 Blue Mud, brown-grey when dry, 81*88 (25*00 %), Globigerinidee, Pul- (4*88%), fragments of Echino- 

03 40 u W. coherent, earthy, containing vinulina. derms, Coccoliths, Cocco- 

gntty partioles. (2*00 %), MUiolina, Textularia, epherea, a few Rhabdolitlia. 

Kesidne red-brown. Rotalide. 


54 „ 27 34 61 0 H. 2850 

63 59 0 W. 


65 „ 28 33 20 0 H. 2500 

64 87 0 W. 


Blue Mud, grey when dry, co- 24*56 (18*00 %), Globigerinidee, Pul- (4*56 %), Echinoderm fragments, 

herent, homogeneous, earthy. . vinulina. Coccoliths, one or two Rhabdo- 

Residue red-brown. (2*00%), MUiolina, Zagena , Bths. 

Truncatulina. 


70*5 Globigeiuna Ooze, grey, pul- 54*81 (46*00 %), Globigerinidee, Pul- (6*81 %), fragments of Eohino- 

verulent, homogeneous, vinulina. derms, Coccoliths, Rhabdoliths, 

Residue brown-red. (3 *00 %), Miliolidee, Bulimima, 

Truncatulina . 
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Residue. 

Additional Observations. 

Per cant. 

Silioooua Organisms. 

Minerals. 

Pine Washings. 


85-41 

(2-00%), a few Radiolaria, 
Sponge spicules, Astrorhizidw, 
Lituolidce, Diatoms. 

(40*00 %), m. di. 0*10 mra., 
angular and rounded ; quartz, 
monoclinic and triclinic 
felspars, fragments of mica- 
schist, diabase, &c., magne- 
tite, glauconite, mica. 

(43*41 %), amorphous matter, 
minute fragments of Diatoms 
and minorak 

The ooarser siftings of this mud, of which a large quantity ' 
came up in the dredge, consist of a grey gravel, some 
of the pebbles or large grains measuring from 1 to 6 
om. in diameter. One of these pebbles is a quartzite 
containing zircon, tourmaline, rutile, kaolinised felspar, 
and ohloritie matter ; others are diabases, basalts, and 
dolomites. 

84*60 

(2*00 %), Radiolaria, Sponge 
spicules, Astrorliizidai, Litu- 
olidro, Diatoms. 

(45*00 %), m. di. 0*12 mm., 
angular and roundod ; mica, 
quartz, felspar, magnetite, 
tourmaline, garnet. 

(37 -60 %), amorphous matter, 
many minute fragments of 
minerals and Biliceous spi- 
cules and Diatoms. 

The mud from the dredge contained a good many rounded 
and angular pebbles from a millimetre to a centimetre 
in diameter, composed of quartziferous diabase, mica- 
schist, &o., the same &b at the last station. Traces 
of manganese are found on some of the pebbles. 

. RhabdolithB have quite disappeared ; on the other hand, 
there aro a good many Coocoapheros. 

93*82 

(6-00%), Radiolaria, Spongo 
spicules, Aatrorliizidto, Litu- 
olidos, a few glauconitic casts, 
Diatoms, 

(70-00 %), m. di. 0*16 mm., 
rounded and angular ; quartz, 
fragments of oldor voloauio 
and other rocks, felspar, 
pumico, glauconite, magne- 
tite, &c. 

(17*82 %), amorphous matter, 
with fragments of minerals, 
Spongo spicules, and Diatoms. 

Ho deposit wns obtained in the sounding tube ; descrip- 
tion taken from mud obtaiuod in dredge. A largo 
block of syenite came up with the dredge, It weighed 
about 5 cwts. (2537 kilogrammes), and was jammed 
between the mouth and arms of the dredge. Some of 
the nmioral fragments measure over 1 mm. in diameter. 
Many of the quartz grains are covered with limonite. ,, 

8376 

72*26 

(3*00 %), Radiolaria, Sponge 
spicules, Haplophragmium , 
Diatoms. 

(3 '00 %), * Radiolaria, filial)- 
dammina, Haplophraffmium , 
brown imperfect casts, Dia- 
toms. 

(20-00 %), m. di. 0’10 mm., 
angular and rounded ; felHpar, 
pumico, quartz, glauconite, 
augite, hornblende, mag- 
netite. 

(20 ’00 %), in. di. 0-08 mm., 
angular ; quartz, monoclinic 
and triclinic felsparB, frag- 
ments of oldor crystalline and 
other rocks, glauconite, augite, 
hornblende. 

(6075 %), amorphous matter, 
many hue minoral particles, 
and fragments of Radiolaria, 
Sponge spictiles, and Diatoms. 

(49-26 %), amorphous matter, 
many hue mineral particles, 
and fragments of Diatoms. 

Somo of the minerals measure over 1 mm. in dinmoter. 
Fragments of older crystalline rooks are also found, 
many covered with chlorite. 

The minerals are mostly angular, but a few are rounded 
and measure about 1 mm. in diameter. Dredge line 
broko. 

74-98 

68*12 

(3-00 %), Radiolaria, Sponge spi- 
cules, Aatrorliizidifl, Troch- 
amirdnciy glauconitic casts, 
Diatoms. 

(3 '00 %), Radiolaria, Sponge spi- 
cules, Rliabdairimina^ brown 
£ imperfect casts, Diatoms. 

(25*00 %), m. di. 0 -16 mm., 
rounded and angular ; mono- 
clinic and triclinic felspars, 
quartz, fragments of rocks, 
augite, mica, hornblende, 
magnetite, glauconite. 

(10-00 %), m. di. 0*08 mm., 
angular ; monoclinic and tri- 
clinio felspars, quartz, rock 
fragments, augite, hornblende, 
volcanic glass, magnetite, 
glauconite. 

(46-08 %), amorphous matter, 
with fragments of minerals 
and Diatoms. 

(65*12%), amorphous matter, 
fragments of minerals and 
siliceous organisms. 

Uvigerina , whioh has been very common or abundant in 
aU the soundings lately, is here very sparingly re- 
presented ; the pelagic Foraminit’era are, on the other 
hand, larger and more numerous. 

Many of the larger Foraminiforo, as Pulvinuli'tia men- 
ardii , &o., are much perforated and corroded, showing 
well the solvent action of sea-water. _ This, together 
with the preceding and following deposits, are in some 
respects Red Olays or Globigerina Oozes ; the presence 
of ancient rocks places them among the Blue Muds, 

76*44 

(2*00 %), fragments of Radio- 
laria and Sponge Bpicules, 
Haplophragmium, a few 
Diatoms. 

(2*00%), m. di 0‘07 mm., 
angular j monoclinic and 
triclinic felspars, quartz, 
volcanic glass, glauconite, 
magnetite, mica. 

(71-44 %), amorphous matter, 
fragments of minerals, Radio- 
Iona, and Diatoms. 

This deposit contains much amorphous clayoy matter, and 
was formerly classed with the Red Olays. 

45*19 

(1*00 %), a few Radiolaria and 
Sponge spicules, Lituolidee. 

(1-00 %), m. di. 0'07 mra., angu- 
lar ; felspar, augite, horn- 
blende, magnetite, . glassy 
volcanic fragments, mica. 

(43*19 %), amorphous matter, 
with, fragments of minerals 
and siliceous organisms. 

A few of the mineral particles are about 3 nun, in 
diameter, and are probably ice-borne. 


Bermuda to Halifax — coyUimied. Halifax to Bermuda. 
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THE VOYAGE OE H.M.S. O H ALLE NGEJB. 



See Charts 6 and 8, and Diagram 8. 
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11 

Date. 

Portion. 

A£ 

Temperature 
ol the Sea- 
water 

(Bfchr.)* 

Designation and Physical Characters. 

CARBONATE OP CALCIUM. 





lottom S 

TuJtaoe 

• 

Per cent. 1 

Poramintfera. 

Other Organisms. 

55b 

1878 
May 29 

o t n 

82 7 85 IT. 

64 68 46 W. 

1825 

o 

a 

72-0 

Copal Mud, white, pulverulent, 
chalky. 

Besidue brown. 

86-00 

(66*00 %), Globigerinidee, Pul - 
vimuina. 

(2-00 %), Miliolina, Teostularia, 
Lagenidee, Rotalidea. 

(28 *00 %), Scrpula , .Gasteropoda, 
Lamellibranchs, Pteropods, 
Heteropods, Ostracodes, 
Echinoderm fragments, Poly- 
zoa, Alcyonarian spicules, cal- 
careous Algae, Coccoliths, 
Bhabdoliths. 

56 

„ 20 

82 8 46 H. 
64 59 86 W. 

1075 

38 '2 

72 ‘6 

Coral Mud, white, chalky, 
pulverulent. 

Eesidue brown. 

83*02 

(40*00 %), Globigerinidoe, Pul- 
vimdina, 

(4-00 %), Miliolidro, Textularidee, 
Lagenida, EotaUd®, Nummu- 
linidte. 

(89*02 %), Otoliths of fish, Scr- 
pula, Gasteropod and Lamol- 
libranch shells (larval), Ptoro- 
pods, Heteropods, Ostracodes, 
Echinoderm fragments, Poly- 
zoa, Alcyonarian spicules, 
calcareous Algfc, Coocoliths, 
Bhabdoliths. 

5/a 

„ 80 

82 9 80 N. 
66 7 86 W. 

1260 


78-0 

Coral Mud, white, chalky, 
pulverulent. 

Besidue black. 

84-76 

(40*00 %), GlobigerinidfB, Ptd* 
mnulina. 

(4‘00%), MiHolidro, J Textu- 
laridffl, Botalid©, Naimnu- 
linidce. 

(40*76 %), Otoliths of fish, Scr- 
pula, GasteropodJ and Lnmelli- 
branch shells (larval), Ptoro- 
pods, Heteropods, OHtracodes, 
fragments of Ecliinoderms, 
Polyzoa, Alcyonarian spi- 
cules, calcareous Algte, Cocco- 
liths, Bhabdoliths. 

57b 

„ 30 

82 9 46 N. 
65 10 60 W. 

1676 


78 ‘0 

Coral Mud, dirty white, pul- 
verulent, granular, chalky. 
Besidue rod. 

89*11 

(86*00 %), Globigerinidce, Pul* 
vinuUncL 

(6 ’00 %), Miliolidffl, Textu- 
' laridffi, LagenidtB, Rotatida, 
Nummulinidee. 

(49*11 %), Otoliths of fish, Scr- 
pula, Pteropods, Heteropods, 
Ostracodes, Echinoderm frag- 
ments, Polyzoa, Alcyonarian 
spicules, calcareous Alute 
Coccoliths, Bhabdoliths. 

58 

June 18 

82 87 0 N. 
64 21 0 W. 

1600 

87-2 

78*6 

Coral Mud, dirty white, chalky, 
pulverulent. 

Besidue dark brown. 

77*38 

(38*00 %), Globigerinida, Pul- 
vinulim. 

(6*00%), Miliolidas, Textularida, 
Lagenidee, Botalidae, 

(39*38 %), Otoliths of fish. 
Gasteropoda, Pteropods, Hotor- 
opods, Ostracodes, Echinoderm 
fragments, Polyzoa^Ueyonariau 
spicules, calcareous'AlgfB, Coc- 
coliths, Bhabdoliths. 

50 

„ li 

32 64 0 N. 
63 22 0W. 

2860 

86-3 

74*0 

Globigeruta Ooze, with a rose 
tint, light brown when dry, 
slightly coherent, earthy. 
Besidue red-brown. 

54-59 

(46*00 %), GlobigerinidfB, Pul - 
vinmina, 

(2-00 %), Miliolina, Textularidae, 
BotSidtE. 

(7 '69 %), Echini spines, Cocco- 
liths, Bhabdoliths. 

60 

„ 16 

34 28 ON. 
68 56 0W. 

2675 

36-2 

71-6 

Globigerina Ogee, light brown, 
slightly ooherent, earthy, pre- 
senting small white spots to 
the naked eye. 

Besidue red. 

31-38 

(26-00 %), Globigerinidte, Pul- 
mnulim. 

(2*00 %), Miliolina, Trwncatu - 
Una. 

(4*38 %), Echini spines, Cocco- 
liths, Bhabdoliths. 

61 

» 1? 

84 64. 0 N. 
66 38 OW. 

2850 

30-2 

71*0 

Bed Olay, coherent, earthy, con- 
taining gritty particles. 

Besidue red. 

8*02 

(6-00 %), Globigerinidte, Pul- 
vinulina. 

(1 -00 %), Lagenidse, Eotalidse. 

(2*02 %), Echini spines, Cocco- 
liths. 









REPORT ON THE DEEP-SEA DEPOSITS. 


Additional Obbhrvations. 


Siliceous Organisms. 


Fine Washings. 


(1*00 %), Sponge spiculcB,Radio- 
laria, Jtmbdammina, Lituo- 
lidie. Diatoms. 


(1*00 %), m, di. 0*06 mm., 
angular; ono or two fragmonts 
of folspor and volcanic glass. 


(12*00 %), amorphous matter, 
with small fragments of sili- 
ooous organisms and minorals. 


(1*00 %), Sponge spicules, Kadio- 
laria, Astrorhizidiu, Lituo- 
lidu), Diatoms. 


(1-00%) Sjrnngn Hjucuh'H, onoor 
two Uniholnriii, Astrorhizidw, 
LUttolidic, Diatoms. 


10*89 (1 *00 %), Stingo spicules, Umlio- 

ltu’in, Liluulidiu, DiatoniH. 


(1*00%), m. di. 0*07 mm., 
angular ; a few fragments of 
felspar and volcanic glass. 


(1*00%), m, di. 0*10 mm., 
angular ; felspar, augitc, 
pumico. 


(1*00%), m. di. 0*07 mm., 
angular ; felspar, quartz, 
immico. 


(14*98 %), amorphous mattor, . 
with fragments of Radiolaria, | 
Sponge spicules, minorals, and 
Diatoms, 


(18*26 %), amorphous matter, 
with fragmonts of siliceous 
organisms and minorals. 


(8*89 %), amovphouB matter, 
fragments of siliceous organ- 
iflms, one or two fragments 
of minorals. 


These doposits off Bermuda, together with those taken in 
March and April, as well as many others not described 
but which are marked on the accompanying chart, show 
that the quantity of oarbonato of mno increases as the 
roofs are approachod, and the water Bhallows. The car- 
bonate of lime is, noai 'the roof, almost wholly derived 
I from the roof organisms j as the distance from the reef 
- increases the remains of polagio animals become mom 
and moro abundant, tho remains of the roof organisms, 
on tho othorhand, diminishing. Tho Coral Sand passes 
into a Coral Mnd, this into a Globigerina Ooze ; and in 
very deep water far from tho reefs the Globigerina Ooze 
ifi replaced by a Rod Clay ; some of tho deeper deposits 
in this series might bo nailed Globigorina Oozes. Soo 
Plate XIII. , which bIiows tho variation of tho deposit 
with depth and distance from the roof. 


(1*00 %), Aiionge flpieulus, 
Kadiolaria, Lituulidiu. 


(1*00%), m. di, 0*07 mm., (20*62 %), amorphous matter, 
angular; folHiwir, augitc, mag- with fragmonts of siliceous 
notito, volcanic glass. organisms und minerals. 


46*41 (1*00%), Sponge spicules, one (1*00%), m. di 0*07 mm., 

or two fragments of Kadiolaria, angular; fragments of sanicline, 
Lituolidie. nugito, liomblondo, magnetite, 

glassy volcanic particles. 


(1*00%), Kadiolaria, Apong« 
spicules, Ihiyloplimijm.iUM. 


(3*00%), m. di. 0*08 mm., 
angular and rounded ; mono- 
clinic and triclinic felspars, 
quartz, magnetite, horn- 
blende, glassy particles, 

glauconite. 


(48*41 %), amorphous matter, This (loposit, which is about 00 miles from the reefB, 
with minute fragmonts of does not appoar to contain any fragmonts of reef 

minorals and siliceous organ- organisms, 
isms. 

(64*02 %), amorphous matter, The quartz grains aro covered with limonitc, while 
with minute fragments of thoro aro also, among the minerals, fragmonts with 

minerals and siliceous organ- chloritio coatings. Trawl had not reached the bottom, 
isms, * 


(1*00'%), Sponge spicules, 
a few Kadiolaria, glauconitic 
casts, Diatoms. 


(60*00 %), in. di. 0*16 mm., 
angular and rounded ; mono- 
clinic and triclinic felspars, 
quartz, glauconite, fragments 
of mica-schist and older vol- 
canic rocks, garnet epidoto, 
magnetito, augite, actinfolito, 
voloonio glass. 


(80*98%), amorphous matter, 
with fragments of minerals, 
Kadiolaria, and Diatoms. 


Prom the largo percentage of minerals this deposit 
might equally well be called a Blue Mud; the minerals 
are evidently all ioo-bome. Glauconitic casts of some 
of tho organisms remained after treatment with acid. 
Note the deoroaso of carbonate of lime with increase 
of depth. Trawl brought up no deposit, but some 
concretions covered with manganese. 


Bermuda to Azores. 


Bermuda to Azores — continued. 


See Chart 6, and Diagram 8. 



THE VOYAGE OF H.M.8. CHALLENGER. 


Temperature 
of the Sea- 

(Fahr.). Designation and Physical Characters. 
Bottom I Surface 


CARBONATE of CALCIUM. 


Iforamintfera. 


Other Organisms. 


62 June 18 86 7 ON. 2876 36 "4 /Q-0 Bed Olay, plastic, homogeneous, 10*72 (7*00 %), Olobigerina , Pulvinu- (2*72%), Echini spines, Cocco- 

62 82 0 W. coherent, sublustrous streak. lino. liths, a few Ooccospheros. 

Besidue red. (1 *00 %) Rotaiidm. 


68 „ 19 35 29 ON, 2760 ... 71*0 Globigbmna Oozn, light brown; 83*98 (25*00%), Globigerinidie, Fid- (6*98 %), Echini spiaos, Cocco- 

00 08 0 W. slightly coherent, plaBtic. vimuina. liths, Rhabdoliths. 

. Residue brown. (2-00 %), Textularidm, Lagena, 

* Rotalidro. 


20 86 86 O N. (2700) ... 

60 27 0 W. 


76 ’0 Globigbrina Ooztd, light brown, 36 -00 

slightly coherent, homogene- 


ous. 

Besidue brown. 


” 21 36 83 ON. 2700 36*2 72*6 Bed Clay, light brown, slightly 27*69 

47 68 0W. coherent, homogeneous, sub- 

lustrous streak. 

Besidue brown. 


(26*00 %), Globigerinidffl, Pul- (6*00%), Otoliths and teeth of 
vinulina. fish, Serpula t ono or two 

(6-00 %), Miliolidte, Textularidro, fragments of Clcodora pyra- 

Lageuidio, Rotalidco, Nummu- midata, Ostracodes, fragments 

linidce. of Eohmodenns, Polyzoa, 

Ooccoliths, Rhabdoliths. 

(20*00 %), Globigerinidce, Pul - (4* 69 %), Echini spines, Cocco- 

vinulina. liths. 

(3-00%), Textularia, Lagenidm, 

Rotalidm 


” 22 2 -S' 2760 86 ’ 5 7o ‘° Olobigerina Oozb, light brown, 36*31 

44 14 0-w, homogeneous, slightly co- 

herent 

Besidue brown. 

” 28 5 -E* 2700 36*8 7 °'° Olobigerina Ooze, with red 64*30 

41 44 0 W. tinge, slightly coherent 

Residue brown, 

” 24 88 - 8 °j£* 2175 36 f 2 70*0 Olobigerina Ooze, with rose 71*76 

39 19 0 W . tint, chalky, slightly coherent. 

Besidue brown. 


(26 *00 %), Globigerinidae, Pub 
I vinulina. 

(3*00 %), Miliolvna, Lagenicke, 
Rotalidre. 


(46 *00 %), Olobigerinidte, Pub 
vinulina. 

(2*00%), Miliolina, Lagenidee, 
Rotalidce. 


(60*00 %), Globigerinidm, Pub 
vinulina. 

(3 ’00 %), MiliolidtB, Lagena i 
Rotalidce, Nonionina. 


(7*81 %) ; a few fragments of 
Echini spines, Coocoliths. 


(6*30 ^), Ostracodo valves, 
Echini spines, Coocoliths. 


(8*76%), Ostracodes, Echinoderm 
frogmen ts, Ooccoliths, Rlmb- 
doliths. 


», 26 88 23 O N. 2200 36*2 71*0 Globigbrina Ooze, white with 

37 21 0 W. rose tint. 


„ 26 88 26 0 N. 1676 

86 60 0W. 


70*0 aLOBiOKUKA Oozh, dirty white, 88*81 (70*00 %), Globigerinida), Pul- (10*31 %), Otoliths and tooth of 

pnlverolent, granular, chalky. vinulina. fish, Gasteropoda, Lamelli- 

Besidue brown. — ■ ■*- ~ * 


34 48 0W. 


pulverulent, granular, chalky. 
Besidue brown. 


(3*00 %), Miliolidea, Textu- branchs, Pteropods, Ostracodes, 
laridffl, Lagenidm, Rotalidce. Echinoderm fragments, Cocco- 


18 ON. 1676 30 *8 71*0 Globigbrina Oozb, dirty white, 88*31 no 

AH ftVJ - — i t *1 


Echinoderm fragments, Cocco- 
liths, Rhabdoliths. 


(70-00 %\ Globigerinidaa, Pub (13*31 %), Otoliths of fish, 
vinulina. Lamellibranchs, Pteropods, 

(6*00 %), Miliolid©, Textularidas, Heteropoda, Ostracodes, Ecli- 

Lagenidee, Rotalidce. inoderm fragments, Polyzoa, 

Coocoliths, Rhabdoliths. 
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| per cent I BUIoooiib OrgaiiimB. 


Vino Waabinga 


Additional odsbuyakonb. 


(1 *00 %), ft few Sponge spicules 
and Diatoms. 


(1 -00 %), ft few Sponge spicules, 
Rauioluria, Liluulidie. 


(2-00%), m. di. 0’K) mm., 
angular; m on aclinic and tri- 
clinic felspars, quartz, mica, 
hornblende, glassy. fragments, 
glauconite. 

(1*00%), m. di. 0*10 mm,, 
angular ; fulHpar, volcanic 
glows, ftitgito, iniea, magnetite, 
manganese, pumice, glau- 
conite. 


(1 "00 %), a fow Sponge spiculoH, (1*00%), m. ili. 0*07 nm, 
Roiiinlarift, AHtrorliizidiu, angular ; sanidine, augitu, 


Lituolidie, Diatoms. 


magnetite, fragments of 
pumice, glauconite, qiuwtz. 


(80*28 %), amorplioufl matter, 
with fragments of minerals, 
Radiolaria, and Diatonm, 


(64*07 %), amorphous rnattor, 
with fragments of minerals 
and silicuons organisms. 


(08*00 %), amorphous matter, 
many lino mineral particles, 
fragments of Radiolnrm and 
Diutome. 


Most of the organisms are fragmentary. Many of the 
minoml particles are evidently ice-borne. 


Somo of the Glolugorinitlie have grains of manganese 
scattered over and adhering to their mirfecm Amor- 


scatwiroa over and auneruigto 
phous olayoy matter partially fills somo of the Fora- 
minifora. In the washings from tho trawl one small 
piece of pumice, oontaining a large crystal of sanidine, 
was obtained. 


Glauconite in those depths is unusual and is only repre- 
sented hy a few groins. Dredge contained one hundred- 
weight (50 kilbgrammoa) of deposit, in which .were 
some pellets of manganese. 


72*41 (l'OO %), Sponge spicules, (1*00%), m. di. 0*07 mm., 

IhuliDlarift, Uaploplmnjmiuni. angular; felspar, augito, 

magnetite, voleanio glass, 
oun or two small laivtieles of 
quartz covered with limon ite, ] 
munganeHe gminH, 

04*00 (1*00 %) Itadinlariu, a. Jew (l •()(»%), m. di. 0’10 nun., 

Hpnugn spicules, Aslmrliizidie, nngidar ; umneelinie felHpar, 
Lituolidie. augiie, pumice, lupilli, mag- 

netite. 


(1*00 %), Undid aria, Sponge 
spicules, AHtrorliizidie, Litu- 
olidu'-. 


(1*00 %), Rmliokriii, Sponge 
Hpie.ules, one or two arunaceims 
l'oramiiiilem. 


(70 *41 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 


Tho organisms are, for tlio most part, fragmentary, 
There is little difference between tills and the previous 
and succeeding deposits, though this is classed as a Red 
Clay. 


(02*69 %), amorphous matter, This deposit is similar to that obtained at Station 05, 
fragments of Radiolaria and except in having a higher percentage of carbonate of 
minerals. lime. 


(1-00%), in. di. 0*07 mm., 
angular ; monoeliuio ami 
trielinlo Felspars, migite, nmg- 
neiite, volcanic glass. 

(1*00%), m. dl. 0*07 mm., 
angular; a few fragments of 
felspar, magnetite, volcanic 
glows. 


(43*70 %}, amorphouH matter/ 
fragments of minerals and 
siliceous organisms. 


(26*24 %), amorphous matter, 
fragments of minerals and 
siliceous organisms. 


Tho rise in tho percentage- of carbonate of lime with 
dcuruuHo of depth is hero again illustrated. Tho 
appearance of the pelagic Forammifern is different from 
that in tropical deposits. 


inly a Bmall quantity of' the deposit came up in tho 
tube i tho examination of tide quantity', however, 
indicated a deposit, in some respects, similar to that at 
Station 08. 


1*80 (1*00 %), Radiolaria, 

spicules, Astmrhiziiln 
olidic, a fow Diatoms. 


•in, Sponge (1*00%), m. di. 0*10 mm., (14*69%), amorphous matter. In tho washings of a largo quantity of the deposit from 
ixiilns Li tu- angular ; a fow fragments of fragments of minerals, Radio- tho trawl there worn a groat 

oms. sanidine, vulcanic glass, mag- laris, and Diatoms. fragments, also concretions of tho ooze with* black 


(2*00 %),* Radiolariftj 
| Bpicnles, Astrorhizidie, Litu- 
oliilns imperfect brown oasts, 
a few Diatoms. 


nutite, manganese groins. 

(1*00%), uu dl. 0*10 nun.; 
angular; fragments of pumice, 
felHmr, lapilli, magnetite, 
augito, manganese. 


(8*69 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 


In tlw trawl there were Bovorol aggregations of the ooze 
from 3 to 4 cm, in diameter, perforated by worms and 
coated with ft deposit of manganese ; also a fragment of 
compact volcanic rock more or loss rounded and about 
7 cm. in longest diameter ; this fragment lias a slight 
deposit of manganese over the whole Biirfaco, with a 
Sorptda- tube attached. Thgro was also a fragment of 
sandstone, containing mica alid stained with limonite, | 
and a large cindor, evidently from some ocean steamer. 


(deep-sea deposits chall. exp.- 
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See Charts 6 and 10, and Diagram 3. 
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72 


73 


74 


Date. 


1878 
June 28 


m 80 


July 1 


Position. 


n 


76 


78 


a r „ 

38 84 0 N. 
82 47 0 W. 


88 SO 0 BT. 
81 14 OW, 


38 22 0 N. 
29 87 4 W. 


Between Fayal 
and Pico. 


.ag 

a 


Temperature 
of the Sea- 
water 
(Pahr.). 


Bottom 


1240 


1-000 


88 38 0 K. 
28 28 SOW. 


1360 


60-90 


87 f 8 


89-4 


Surface 


Designation and Physical Characters. 


71-0 


60*0 


oakbonath op Calcium. 


Per cent. 


450 


88 11 0 38T. 
27 9 0W. 


79 


10 


11 


87 26 
25 18 


0 K 

0W. 


900 


1000 


Pteeopod Oosdb. white with 
yellow tat, slightly coherent, 
finely granular, chalky. 
Beslans brown. 

Ptbeopob Oqeh, white with 
d “ n * 

Besidue brown, 


SmopoD Oofflt, yellow, white 

ootnt 7 ' ^ flb ' gM y 
Besidue brown. 


81-59 


78-20 


Poraminifera. 


Other Organisms. 


Globigerinida, Pul 


(80-00 , oh 
vinulina. 

Lagenid «- 


7 8 -SO 


70-0 


40-0 


36 21 
23 81 


0 N. 

ow. 


70 ‘0 


71 '0 


2023 


86-9 


71-6 


Volcanic Sand, mottled black 6 8-7 b uo-nn v\ m v. • ., 
brown and white, very coarse 68 78 Qlobl genniaffi, P u l- 

BeeidnebroW ^ ^ ... 


(85*00 %), Globigerinidse, Pul- 
vmulma. 

( 5 ‘°° %)i . Miliolidee, Textularidce. 
Lagemdffl, Rotalid®. 


(50-00 %), Globigerinidse, Pul- 
vinuhna. 

(8 Ro^ld/ m ° lida5 ' Lagenidffi - 


(6 '00 %), Miliolidee, Textularidee 
Lagemdea, Rotalid®. 


(16-59 %), Otoliths of fish, frag- 
mmis of Pteropods and Heteiu- 
pojis, a few Ostracodes, Echini 

&ii^ y20a> Coccolithfl > 

(88*20 %), Otoliths of fish, Ser- 
vula, Pentalium, Gastoropods, 
Lamelhbranohs, Pteropods 
Heteropods, Ostraoodes, Poly’ 
zoa, Cooooliths, Rhabdoliths. 


(20*50 %), Otoliths of fish, I 
LameUibranchs, fragments of 
Pteropods, Oatracodes, Eohini 
spaes, Oocooliths, Rhabdoliths. 


(58*78 %), Serpula, Dcntalium, 
Gastoropods LameUibranchs, 
Ostracodes, Echinoderm frag- 
nients, Polyzoa, calcareous 


Voloanto M to, dark grey when I 20*69 

^drghtly coheraSTgritty, ' 20 69 

B«idne dark hrown. 


PnmoroD Oozb, Ug ht g™ I 62 .< 
when^diy, slightly coherf^ ' 

Besidue hrown. 

Tomaoto Mud, gray, y^ I 7 . 68 

coherofT ’ V6ly 
Beaidne brown. 


(6*00 %), Globigerinidm, Pubmu- 
fana. 

(4*00 %), Miliolidie, Textulnrid® 
Lagemdse, Rotalidaj. 


(28*00%), Globigerinidas, Pul- 
vmvlirut. * 

(2*00 %), Miliolidas, Textularidse, 
Lagemdse, RotaUdae. 


%) Globigerinidse. 

(2*00 %), MiUoSda, Textnlarida, 
Rotalidse, ITuamu- 


OMimijiifi Ooze, dirty white 
ehghtly coherent, chatty. ’ 
Besidue red-brown. 


65-65 


(45*00 %), Globigerinidse, iW- 
vmulma. 

(^ /o)i Miliolina, Lagena 

Truncatulina . 


(10*59 %), Otoliths of fish, Ser- 

Q “toopods, 
LamelUbranchs, Pteropods, 
Hetei opods, Ostracod es, Echin o- 
derm fragments, Polyzoa, oal- 

(22*22 %), Otoliths of fish, Dm.- 
tahum, Gasteropoda, Lamelli- 

ranohs, Pteropods, Heteropods, I 

Ostracodes Echini spfnes,’ | 
Polyzoa, Coccoliths, Cocco- 
apheres, Rhabdoliths. 

(2*68 %), Otoliths of fish, 

.° f Pagv/nia a ”d 

other Crustaceans, Serpula, 
fmtaimm, Gasteropoda 
LameUibranchs, Pteropods 
Heteropods, Ostracodes, Ech- 
fr£ « ments . Polyzoa, 


(8*66 %), fragments of Echino- 
doliths Coccolit]ls » Bhab- 
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Hesidub. 

Additional Observations. 


Per cent 

flillcooua Orgftiilflma. 

Minerals. 

line Washings. 



18*41 

(2*00 %), Kadiolarift, Sponge 
spicules, Astrorhizidm, Litu- 
olldtu, imperfect brown casts, 
Diatoms, 

(1*00 %), m. di. 0*10 mm., 
angular ; augito, magnetite, 
felspar, aanidino, lapilli, 
pumioo. 

(15*41 %), amorphous mattor, 
minute fragments of minerals, 
Kadiolaria, and Diatoms. 

A few rounded fragments of pumice, from 1 to 6 mm. 
in diamotor, were obtained in this deposit; some 
of these aro much altered and decomposed. Much of 
the umorphouB calcareous matter is apparently derived 
from Fteropods and Hetoropods. 


26-80 

(1 -00 %), Radiolaria, Sponge 
aniculcfl, Astrorhizidu*., Litu- 
olidus, a few Diatoms. 

(10-00%), m. di. 0*10 mm., 
angular ; monoelinio and tri- 
clinic felspars, lapilli, magne- 
tite, augite, quartz, pumice. 

(16*80 %), amorphous mnttor, 
many fine mineral particles, 
frftgmonts of Kadlolaria and 
Diatoms. 

In tho washings of a largo quantity of the deposit from 
tlio dredge there wore many shells of pelagio and other 
Molluscs, and a groat quantity of pumice, t)io pieces 
varying from 1 mm. to 6 cm. in diameter. They are 
all of tho light-coloured folspathie variety and much 
altered ; Homo of tho fragments are overgrown by 
Scrpula and other organisms. 


26-60 

(1-00 %), Kadiolarift, Spongo 
spicules, AHtrf»rliiziil:«, LiLu- 
olitlw, a few Diatoma. 

(1*00%), m, di. 0*10 mm., 
angular ; minute fragments 
of volcanic rocks, plftgiocliiHO, 
sanidine, magnotito, augite, 
honiblendo, volcanic glass. 

(24*60%), amorphous matter, 
with rninuto fragments of 
minerals and siliceous organ- 
isms. 

Pulvimlim m&mrdii appears to be almost, if not quite, 
absent from this deposit, os well as from most of tho 
deposits ht this region. 


31-27 

(4 '00 %), Spongo spicules, arena- 
ceous FomminiluriL. 

(20*00 %), m. di. 1*00 nun., 
angular ; pumioo, magnotito, 
felspar, augito, hornblende, 
niimdino, and many fragments 
of volcanic rocks. 

(7*27 %), a small quantity of 
amorphous matter, lino 
minoral particles, oml frag- 
ments of siliceous BpiculuH. 

About a bushel' of this calcareous' sand came up in tho 
dredge, mixed with many rounded fragments of 
pumice and vohtauic rook, measuring from 1 to 6 cm, 
in diameter. Many of those are completely covered 
with £ calcareous Algro, or Polyzoa, Fully 30 
per cent, of the carbonate of calcium is made up by 
tho fragments of Polyzoa alone, while Polyirema 
minuuxurn is very abundant. 


79*41 

(2*00 %), Itiulioluriii, Spongo 
hi lie. ill oh, AHtrnrliizidio, Litu- 
olidm, DifttoniH. 

(00*00 %), m. di, 0*16 mm., 
angiilur; fragments of volcanic 
rocks, puiuioo, plogioolasa, 
sauidino, black mica, augito, 
magnotito, hombluude. 

(17*41 %), amorphous mattor, 
with inauy minute fragments 
of minerals, Kadiolana, and 
DiatoniH. 

In the washings from tho dredge many Pteropods, Gas- 
teropoda Ijiuimllibranobs, /S and large quantities 
of broken fragments of Polyzoa woro obtained, also 
numerous round and angular fragments of pumice and 
volcanic rocks, from 4 to 6 cm: in dlamoter. In 
many instances tho pumice fragments wero completely 
covered with >SVrpwZa-tubes, Algol, and Polpirma, 


47*78 

(1*00%), Kadlolaria, Spongo 
spicules, Astro rhizidm, Lilu- 
olidw, a few DiatoniH. 

(5-00%), m. di. 0*10 mm, 
angular; fragments of volcanio 
rocks, pumice, monocliuiound 
triuliuiu felspars, augito, horn- 
blonde, black mica, olivine. 

(41 *78 %), amorphous matter, 
with many minute fragments 
of minerals, and siliceous 
organisms. 

Tho washings of tho mud from the dredge consisted 
oliioily of large Oavolinia trispinosa and other Ptoropod 
shell h, with many fragments of pumice varying from 

1 mm. to 1 cm. in diameter, 


92*32 

(1 *00 %), Spongo spicules, frag- 
ments of Kadlolaria, Ah- 
trorhizulm, LituoUdui, 

(75*00%), m. ili. 0*20 min., 
angular; pumice, plagioclase, 
nauidine, augite, maguotito. 

(10*32%), amorphous mattor, 
with minute fragments of 
pumice and other mihorals 
and siliceous organisms. 

Tho washings, on passing tho deposit through sieves, con- 
sisted of fragments or pumice (usually about 3 cm, in 
diameter and smaller) and Ptoropod shells. Many 
of the pumice nodules have Serpitim and Foraminifera 
attached to them. 


44*35 

(1*00 %), Kadlolaria, Sponge 
spicules, Diatoms. 

(20*00 %), m, di. 0*15 mm., 
angular; pumioe, fragments 
of volcanic rocks, felspar, 
magnetite, augite, olivine. 

(23*36 %), amorphous matter, 
with minute fragments of 
pumice, siliceous spicules, and 
Diatoms. 

The dredge brought up a Bmall quantity of the ooze the 
same as indicated by that in tho sounding tube, 

— 
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to Capo Yerde Islands. Azores to Madeira— continued. 


See Charts 5 and 0, and Diagrams 8 and 7. 


THE VOYAGE OP H.M.8. CHALLENGER, . 


. Temperature 

M | of the Sea- 

t Date. Position. ifjj (Sah?.). Designation and Physical Characters. 

fig ; 

Bottom Surface 


CABBOKATB OF 0AKHU3L 


Poramlulfera. 


Other Organisms. 


f 1878 

80 July 12 


21 as o w: *" "* ' n<i *»• 

ohftlkv J 1 /oJfo vs ir 7 . t fragments, Coccoliths, Khabd 

B&taered-brown. . ' ***** 


„ - ss :f - », « - sKrnr 

iteaidue red-biown. land©, KotaHd©. 


» -s:« - 

K™,™ ( 3 r *'> , Mlholldaj > Teitnlandre, 

BeBlaue brown. Lagemdte, BotalidiB. 

“ “51 !#: M '° n '° “sssass^g* m * (eo JA a***"* **■ *- 

naiiui.MWt 

Lagemd®, Rotalids. Ostracodes, Eehinoderm P JW. 

. ... TYi nn 4 >n "D n . . . . w 


S?”*®? Polyzoa, Coccoliths, 
Rhabdoliths. 


., .» 2|.» }|. 1U ... ». «« ( S 1» X) 0W la . rfah ,p to . 

■sa-ta—. Se-s=M 3 se 

inidce. 


8fl ,, 21 25 46 0 N. 2300 

20 84 0W. 


"■* ”* •sra» ,, a2s * m ,i °z& ^ ~ <•&» o.^. 


87 „ 21 26 49 ON. 1675 

20 13 »?. 


/ 2 -0 Nearly tie same spot as Station 8. 

I’ebroaty 18, 1878, where in- 
dioataons were found of a 
Pteropod Ooze. 


88 „ 22 H 63 0 N. -2800 36 '4 72-0 Globjoebiwa Ooze, white with 

T * * a Toon yvw lffllln-rtT l -I 


a “l““ Q ! ’^ghtiy 0488 01 ° b '*““ i », ** < 6 | a %). of BjiliBO. 

"SKA?* fc' 


8® », 28 I 22 18 0 K. 


22 2 ow! 2400 80 6 Globioeeika Ooze, yellowish red 58 '50 (60*00 7). ClobieerinidiB Pul n* kc\°/\ ^ 

toge, digbtly coherent, 1 Zul/± 01obl 8 Bnaid ». ^ (7B0J) fragments of Eohino- 


chalky. 
Iteflidne red. 


'UVflUblTlCl. A ° ^wuiiiu- 

(1-00 %), Eotalidee. KthT’ Oocoohtha - ^bdo- 
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Residue. 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

Fine Washingfl. 


83 -67 

(1-00 %), fragments of Kadio- 
laria and Sponge spicules, 
Lituolidro. 

(2*00%), m. di. 0*10 mm., 
angular ; pumice, felspar, 
magnetite, augite. 

(30 '67 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

The majority of the organisms in this deposit are in a 
fragmentary condition. 

37*52 

(1-00 %), one or two Radiolaria, 
Lituohdro, Diatoms. 

(1*00 %), m. di. 0-07 mm., 
angular ; pumice, augite, 
felspar, magnetite, some small 
rounded grains of quartz 
covered with limonite, mica. 

(36*62%), amorphous matter, 
with minute fragments of 
minerals, Radiolaria, and 
Diatoms. 

The deposits at this and the preceding stations are 
remarkable for the relatively small number of perfoat 
shells of pelagic Foraminifera ; those present are 
fragmentary. Pulmnulina mcnardii appears to be 
nearly, if not quite, absent in this part of the Atlantia 
A quantity of ooze came up in the water-bottle. 

20-21 

(1 -00 %), Radiolaria and Sponge 
spioulos, Lituolidro. 

(1*00 %), m. di. 0*06 mm., 
angular pumice, lapilli, 
felspar, magnetite, augite, 
olivine. 

(18*21 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

Note in theae deposits the complete, or nearly complete, 
absence of the shells of Pteropods and Hoteropods in 
the deeper soundings. 

28*91 

(1*00 %), Radiolaria, Sponge 
spicules, AstrorhMdro, Lituo- 
lidro, a few Diatoms. 

(2*00 %), m. di. 0*08 mm., 
angular ; pumice, lapilli, 
monoclinio and triclinio fel- 
spars, magnetite, black mica, 
augite, olivine. 

(26*91 %), amorphous matter, 
with fragments of minerals 
and' siliceous organisms. 

The washings of the deposit, on being passed through 
sieves, contained many small round fragments of 
pumice, about 1 cm. in diameter, also a good many 
otoliths of fish and fragments of Pteropods and other 
Molluscaa shells. Some of the pumice nodules are 
overgrown by SerpuZw. 

93-46 

(1 '00 %), Radioluria, Astror- 
liiziilro, Lituolidro, a few 
Diatoms. 

(76-00 %), m. di. 0*10 mm., 
angular ; pmnice, fragments 
of volcanic rocks, scoriaceous 
lapilli, mouoclinic and triclinic 
felspars, magnetite, augite, 
olivine, palagonite, manganese 
grains. 

(17*46%), amorphous matter, 
with fragments of minerals 
and siliceous organisms. 

The waBhiuga obtained by passing a large quantity of the 
mud through sievos weie almost wholly made up of the 
dead shells of Pteropods and Heteropods, with those of 
a few bottom -living Molluscs. There wore several large 
fragments of aGorgonoid Coral coated with manganese. 
All the coral was dead and in the same condition as at 
Station 3. There wore in addition some fragments of 
volcanic racks, about 1 cm. in diameter, also coated 
with manganese. 

42-23 

(1 -00 %), a few Radiolaria, 
Ilaptophragmium, imperfect 
brown casts. 

(2-00%), m. di. 0*08 mm., 
angular and rounded; small 
rounded grains of quartz, 
felspar, hornblende, mag- 
netite, mica, volcanic glass, 
manganese grains. 

(39*23 %), amorphous matter, 
with minuto fragments of 
minerals and siliceous organ- 
isms. 

Pulvinulina mcnardii appears in this deposit; it is 
absent in the soundings to the north of this station. 



... 

... 

A piece of a Gorgonoid Coral covered with manganese 
came up in the sounding tube ; there were also some 
pieces taken in the dredge. There was nothing further 
to indicate the nature of the deposit (see Station 8). 

36-62 

(1*00 %), one or two Radiolaria, 
Sponge spiculos, Lituolidro. 

(1*00 %), m. di 0*07 mm., 
angular and rounded; small 
quartz grains covered with 
limonite, felspar, augite, 
homblonde, pumice, mag- 
netite, mica, a few grains of 
manganese. 

(83*62 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

The manganese in the last three soundings showB that it 
must be abundant over a large area. 

41-60 

(1-00%), Sponge spiculos, 
Radiolaria, a few arenaceous 
Forominifera. 

(1*00 %), m. di. 0*07 mm., 
angular and rounded ; quartz 
grains covered with limonite, 
monoclinio and triclinio 
felspars, magnetite, augite, 
hornblende, volcanic glass. 

(39*60 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

This deposit contains a considerable quantity of amor- 
phous clayey matter. The specimens of Pulvinulina 
memmdvi obtained here are very large, some macroscopic. 


Azores to Madeira — continued, Madeira to Cape Yerde Islands. 
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Residue. 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

ITlne Washings. 


... 

... 

... 

... 

Only a small quantity of ooze came up in the sounding 
tube and proved to be in all respects the same as that 
at Station 89. 

39-05 

(1-00 %), a few Radiolaria and 
Sponge spicules, E dplophrag- 
mium. 

(1*00%), m. dL 0*08 mm., 
rounded and angular ; quartz 
grains covered with limonite, 
monoolinic and triclinio 
felspars, augite, hornblende, 
mica, magnetite, pumice, vol- 
canic gloss. 

(37*06 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

All the pelagic Foraminifera found in this deposit are 
large and well developed, especially Fulvtnulina 
menardii. 

42-85 

(1-00 %), a few Radiolaria and 
Sponge spicules, Astrorhizidra, 
Lituolidra. 

(5-00 %), m. dL 0*10 mm., 
angular; fragments of vol- 
oanic rocks, monoolinic and 
triclinio felspars, volcanio 
glass altered to palagonite, 
magnetite, augite, hornblende, 
olivine. 

(30-86 %), amorphous matter, 
with fragments of minerals 
and siliceous organisms. 

Some of the shells are macroscopic. The dredge did 
not bring up any of the deposit. The increase in the 
minerals point to the approach to the island of St. 
Vincent. 

91-71 

(1-00 %), a few Radiolaria and 
Sponge spicules . 

(70-00 %), m. dL 0-10 mm., 
angular ; fragments of vol- 
canic rocks and volcanic glass, 
olivine, augite, hornblende, 
magnetite, felspar, black mica, 
quartz. 

(20-71 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

A very great many particles of volcanic sand of a red, > 
black, and yellow colour are present, derived from the 
disintegration of the rocks of the islands. 

80-35 

(1-00 %), a few Sponge spicules, 
Diatoms. 

(05-00 %), m. dL 0*10 mm., 
angular; fragments of vol- 
canic rocks, Borne of them 
glassy, augite, magnetite, 
small crystals of olivine, horn- 
blende, black mica, palagonite. 

(20*35 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

A few of the organisms are macroscopic. With the 
exception of the Foraminifera all the organisms are, 
more or less, in a fragmentary condition. 

80-37 

(1 *00 %), a few Sponge spiculeB. 

(70*00 %), m. di. 0*15 mm., 
angular; fragments of vol- 
canic rocks, volcanio glass, 
lapilli, felspar, augite, mag- 
netite, olivme, black mica. 

(16-37 %), amorphous matter, 
with many minute fragments 
of minerals. 

i 

Some of the organisms are macroscopic, though chiefly 
fragmentary. Many of the lapilli are highly altered. 

6-80 

... 

(3*00 %), m. dL 0*20 mm., 
angular: fragments of volcanic 
rocks, glassy particles, felspar, 
augite. 

(2-80 %), flocculent , organic 
matter, with amorphous 
matter. 

This deposit is chiefly composed of calcareous Algae of a 
white and pink colour, which make up fully 40 per 
cent, of the carbonate of calcium. These white and 
pink particles measure from 1 to 7 mm. in diameter. 

10*53 

... 

(1-00 %), m. di. 0-10 mm., 
angular; fragments of volcanio 
rocks, felspar, augite, volcanic 
glass, magnetite. 

(9*63 %), organic matter, am- 
orphous matter, and minute 
fragments of minerals. 

The mean diameter of the particles making up this 
sand is 2 mm. Nearly two-thirds of these particles 
are made up Bolely of Amphistegvnct lessonii, the re- 
mainder of a few Orbitolites and other Foraminifera, 
fragments of Polyzoa, Echinodorms, and calcareous 
Alga. 

43*41 

(3 ‘00 %), Sponge spicules, 
Radiolaria, Lituolidce. 

(26*00 %), m. dL 0*15 mm., 
angular and rounded ; frag- 
ments of volcanic rooks and 
volcanic glass, felspar, olivine, 
magnetite, augite. 

(16-41 %), amorphous matter, 
green flocculent organic mat- 
ter, minute fragments of mine- 
rals and siliceous organisms. 

With the exception of the Foraminifera, the majority of 
the organisms are in a fragmentary condition ; some 
are macroscopic. The Gasteropoda and Lamellihranohs 
appear to be chiefly larval forms. 


Madeira to Cape Verde Islands — continued. Off Cape Verde Islanc 
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See Charts 11 and IS, and Diagrams 4 and 7. 



Temperature 
of iie Sea- 

Designation and Phyeloal Characters. 

Bottom I Surface 


CARBONATE OF CALCIUM. 


Poraminifera. 


Other Organiflms. 


1878 
Aug. B 


16 46 OK. 

26 10 0 W. 


16 42 0 K. 1160 
26 12 CW. 


78*0 YoirCAmo Mijd, grey, coherent, 
earthy. 

Residue red-brown. 


YOLOANIO Mud, light brown, 
coherent, earthy. 

Residue red-brown. 


(20*00 %), Globigermidfie^ Pul - (14*26 %), Otoliths of fish, 


vinulina. 

(6*00 %), Miliolidro, Textulmdce, 
Logenicke, Rotalidee. 


Gasteropoda, Lamellibranclis, 
Pteropods, Ostracodes, Echino- 
derm fragments, Polyzoa, 
Ooccoliths, Rhabdoliths. 


3*00 %), 
vinulina. 


Glbbigerihidea, Pul - (9*62 %), Otoliths offish, Lamelli- 


vinulina. 

(8*00 %), Miliolina, Textu- 

laridee, Logenidee, Rotalidee. 


branchs (larval), Pteropods, 
Ostracodes, Echinoderm frog- 
ments, Coccoliths, Rhabdoliths. 


18 86 0 1ST. 2800 80*6 79*0 

22 49 0 W. 


Globigbrina Ooze, with rose 
tint, slightly coherent, chalky. 
Residue brown- 


3*00 %), 
vinulina. 


Globigorinidee, Pul- (5*29 %), fragments of Echini 


mnuhna. 

(1*00 %), Miliolina, Rotalidee. 


spines, Coccoliths, Rhabdo- 


„ 18 10 26 OUT. 2676 80*6 78*0 GLOETGBnmA Ooze, yellow tinge 30*16 (26*00 %); Globigorinidee, Pul - (4*16%), Ostracodes, fragments. 

” 20 80 0 W. when dry, granular, pulyoru- vinulina. of Echini spines, Coccoliths, 

lent, earthy. (1 *00 %), Miliolidro, Textuloridee, Rhabdoliths. 


Residue red-brown. 


Rotalidee. 


14 9 21 OK. 1760 86*7 78*2 Globigbrina Ooze, grey with 62*22 (56*00 %), Globigerinidce, Pul- (6 *22 %), Otoliths of fish, Ptoro- 

18 28 0W. blue tinge, finely granular, vinviina. pods, Ostracodes, Echinoderm 

slightly coherent (2*00 %), Miliolidee, Textularidee. fragments, Coccoliths, Rhab- 

Residue brown-black. doliths. 

19 6 48 OK. 2600 86*4 70*2 BiinB Mud, bluo-grcy, coherent, 0*22 (4*00 %), Globigerinidnj*. Pul - (1 *22 %), a few Coccoliths. 

14 20 0 W. unctuous, lustrouB streak* vinulina. 

Residue blue-black. ’ (1 *00 %), Rotalidee. 


„ 21 8 8 0 K. 2460 86*4 78*0 Globigerina Ooze, light grey, 06*27 (60*00 %), Globigerinidce, Pul- (4*2 7 %), Lamellibranchs, Ostra- 

14 49 0W. granular, slightly coherent vinulina. codes,. Echinoderm fragments, 

Residue grey-blaGk. (2*00 %), Miliolidee, Lagenidee, Coccoliths* 


Rotalidee. 


„ 22 2 62 OK. 2476 86*0 77*0 Globjgerina Ooze. 

17 0 OW. 

,, 28 2 26 OK. 2600 86*0 78*0 Globigerina Ooze, grey, finely 71*70 (66*00 %), Globigerinidie, Pul- 

20 1 0W. granular, slightly coherent, vinulina. 

Residue brown-black. (1*00 %), Miliolina , Rotalidee. 

,, 24 2 6 0 K. 2276 80*0 78*0 Globigerina Oom 

22 68 0 W. 

,, 26 1 47 0 K 1860 30*6 78*0 Globigerina Ooze, gray, finely 89*47 (80*00%), Globigerinidee, Pul- 

24 26 0 "W. granular, pulverulent. vinulina . 

Residue brown-black. (2*00 %), MUiolma , Rotalidee. 


(6*70 %), fragments of Echini 
spines, Coccoliths,. Rh abdo- 
liths. 


(7*47 %), Pteropods, Echino- 
derm fragments, Coccoliths, 
Rhabdoliths. 


,, 26 1 22 0 K, 1600 87*9 78*8 Globigerina Ooze, grey, pul- 80*47 (70*00 %), Globigerinidce, Pul- 

20 86 0W. verulent, vinulma . 

Residue browiL (2*00 %), Miliolid©, Rotalidee. 

,, 27 1 10 0 K. 1900 86 '8 78*0 Globiqbbina Ooze, grey- white, 84*90 (77*00 %), Globigerinidce, Pul- 

28 28 0 V. granular. vinulina. 

Residue brown. I (1*00 %), BttoeuMna, Rotalidee, 


(8*47 %), Pteropods, Ostracodes, 
fragments of Echini spines, 
Ooccoliths, Rhabdoliths. 


(0*90 %), fragments of Echini 
spines, Ooccoliths, Rhabdo- 
liths. 
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Fine Washings. 


Additional Observations. 


60*75 (3*00 %), Radiolaria, Sponge (10*00%), m. di. 0*16 mm., 

spicules, Diatoms, angular; felspar, augite r mag- 

netite, volcanic glass, frag- 
ments of volcanic rocsks, olivine. 

52*48 (2*00 %), Radiolaria, Sponge (6*00 %), m. di. 0*10 mm,, 

spicules, arenaceous Fora- angular; fragments of volcanic 
minifera, Diatoms. rocks and volcanic glass, 

olivine, felspar, magnetite, 
i augite, black mica. 


45*71 (1*00 %), a few Radiolaria and (1*00%), m. di. 0'08 mm., 

Diatoms. angular, except a few rounded 

fragments of quartz; frag- 
ments of voloanic rocks some 
of them vitreous, augite, horn- 
blende, magnetite, olivine, 

> palagonite, manganese grains. 

69*85 (1*00 %), a few Radiolaria, (1*00%), m. di. 0*06 mm., 

Lituolidre, Diatoms. angular; felspar, augite, horn- 

blende, magnetite. 


87*78 (1*00 %), Radiolaria, Astror- (1*00%), m. di. 0*07 mm., 

hizidro, Lituolidm, imperfect generally angular ; felspar, 

brown casts, Diatoms. hornblende, round green frag- 

ments resembling glauconite. 

93*78 (1*00 %), Radiolaria and Diatoms. (35-00 %), m. di. 0*10 mm., 

angular ; felspar, plagioclose, 
quartz, mica, hornblende, 
zircon, glauconite, a good 
many small manganoso grains. 

83*73 (1*00 %), a few Radiolaria, (2-00%), m. di. 0*06 mm, 

Astrorhizidie, Lituolidoi. angular; sanidino, hornblende, 

magnetite. 


(47*75 %), amorphous matter, 
with Augments of minerals, 
Radiolaria, Sponge spicules, 
and Diatoms. 

(45*48 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 


(48*71 %), amorphous matter, 
with minute fragments of 
niinerals and siliceous organ- 
isms. 


(67*86 %),much flocculent amor- 
phous matter, with minute 
particles of minerals, Radio- 
laria, and Diatoms. 

(35*78 %), amorphous matter, 
with minute mineral particles 
and fragments of siliceous 
organisms. 

(57 *78 %), flocculent amorphous 
matter, many minute mineral 
particles, fragments of sili- 
ceous organisms. 


(30*73 %), flocculent amorphous 
matter, with many small 
mineral particles. 


Some of the shells of Foraminifera and fragments of other 
organisms are macroscopic. The fine washings are 
- chiefly made up in these deposits, as well as in many 
others similarly situated, of minute mineral particles 
less than 0 -02 m in diameter. 


All the pelagio Foraminifera, of which this deposit is 
chiefly composed, are very large and well developed 
forms, especially Pulvinulina menardii, Many of 
these Foraminifera appear to show striking indication 
of having been acted upon by some solvent 


Fine washings more than half made up of mineral frag- 
ments less than 0*02 mm. in diameter. This deposit 
might he called a Red Clay. 


The dredge brought up some dark coloured ooze, the 
colour being due to land detritus. There were small 
yellow grains in the deposit, which on micro-analysis 
were found to he phosphate of lime. 

This deposit contains much amorphous clayey matter and 
many fine mineral particles. The glauconite in the 
deposit at this and the last station is represented by 
one or two grains. 


Only a small quantity of this deposit came up. The 
subjoined analysis was made with less than half a 
gramme. The specimen does not appear to be quite so 
dark coloured as that obtained in 1876 at nearly the 
same place. As at Station 98 the specimens of Pub 
mnulina menardii predominate. 

Some traces of deposit on outside of the tube. 


28*80 (2-00 %), Radiolaria, Lituolid©, (1*00%), m. di?0*18 mm., 

Diatoms. angular ; felspar, augite, mag- 

netite, a few manganese grains. 


(25*30 %) ; amorphous matter. This deposit still showB traces of land detritus, 
with minute mineral particles. 

... Some traces of deposit on outside of tube. 


(1*00 %), Radiolaria, Lituolid©, (1‘00 %), m. di. 0*06 mm., 


Diatoms. 


angular ; fragments of sani- 
dine and pumice, manganese 
grains. 


(1*00 %), a few Radiolaria. (1*00 %), m. di 0*15 mm., an- 

gular; sanidine, augite, glassy 
volcanic particles, magnetite, 
one small piece of pumice 
observed. 

( 1 * 00 %), Radiolaria, a few arena- (1*00 %), m. di. 0*07 mm., an- 
ceous Foraminifera, Diatoms. gular ; olivine, magnetite, en- 

statite, actinolite, chromite, 
serpentine- 


(debp-sea deposits chall. exp. — 1890 .) 


(8*53 %), amorphous matter and Note the increase of carbonate of lime in the lesser depths. 
min ute mineral particles. Some ooze in the trawl/ 


(17*58 %), clayey matter and Owingto some rusty particles from the sounding tube beoom- 
fine mineral particles. ing mixed with the deposit, the percentage of carbonate 

of calcium in the accompanying analysis is probably less 
than it ought to he. 

(18*10 %), amorphous matter, Mineral particles evidently from St Paul’s Rocks, 
with many minute mineral 
particles. 


Off Cape Verde Majida—amtinued. St Vincent to St Paul’s Rocks. 











Fernando Noronha to Pernambuco , St. Paul’s Hocks to Fernando Horonha. 
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THE VOYAGE' OE H.M.S. CHALLENGER. 


See Charts 12, 13, 14, and 15, and Diagram 4. 


imber of 
tation. 

Date. 

Position. 

.a | 

Is 

Temperature 
of the Sea- 
water 
(Pahr.). 

Designation and Physical Characters. 

CJaebonatb op Calcium. 

fi" 



Bottom 



Per oent. 

Foramlnifera. 

Other Organisms. 

1090 

1878 
Aug. 29 

0 / // 

0 68 28 IT. 
29 22 leW. 

780 

0 

o 

70‘*5 

Globigueina Ooze, grey, finely 
granular, pulverulent. 

Residue grey with green 
tinge. 

57*84 

(50*00 %), Globigerinidro, Jhd- 
vinulina. 

(2'00 %), MiUoliWi Toxtularidro, 
Lagenidro, Rotalidro. 

(6*34 %), Pteropods, Ostracodes, 
Eclnnoderm fragments, Oocco- 
liths, Rhabdoliths, 

109d 

„ 29 

0 68 4 H. 
29 26 2"W. 

1425 

... 

77 '0 

Globigeeina Ooze, grey, finely 
granular, pulverulent, chalky. 
Residue grey with green 
tinge. 

72-77 

(60*00 %), Globigerinidro, Pub 
vinulina, 

(3*00 %), Miliolina, Textularidro, 
Lagenidro, Rotalidro. 

V 

(977 %), Pteropods, Ostracodes, 
Echini spines, Ooccolitlis, 
Rhabdoliths. 

110 

„ 80 

0 9 0 IT. 
80 18 ^ 0W. 

2275 

84 '8 

77-6 

Globigeeina Ooze, white or 
light grey, finely granular, 
pulverulent. 

Residue brown. 

72-98 

(05*00 %), Globigerinidro, Pul - 
vinulina. 

(1*00 %), MUiolwa, Lagenidro, 
Rotalidro, 

(0*98 %), Ostracodes, fragments 
of Echini spiuos, Coccoliths, 
Rhabdoliths. 

Ill 

,, 81 

1 46 OS. 
30 58 0 -W. 

2476 

837 

78-0 

Globigeeina Ooze, with red 
tinge, slightly coherent. 

Residue yellow-brown. 

80*06 

(82*00 %), Globigerinidro, Pub 
vinulina, 

(1*00 %), Miliolvm % Rotalidro. 

(8*06 %), Ostracodes, Echino- 
derm fragments, Cocooliths, 
Rhabdoliths. 

112 

Sept. 1 

3 33 OS. 
32 16 0 W. 

2200 

34*0 

78 '0 

Globigeeina Ooze, of a dirty 
white colour, granular, pul- 
verulent. 

Residue brown. 

81-27 

(76*00 %), Globigerinidee, Pub 
vivintima. 

(1*00%), Miliolidro, Lagenidro, 
Rotalidro. 

(5*27%), fragments of Echini 
spines, Coccoliths, Rhabdoliths. 

113A 

„ 2 

3 47 OS. 
32 24 30 W. 

25 

■ a * 

78-0 

Oaloaeeotjs Sand, mottled red 
and white. 

Residue greenish brown. 

02*28 

(6*00%), Globigerinidee, Pul- 
t vinulina. 

(20*00%), Miliolidro, Textnlaridro, 
Rotalidro, Nummulinidro. 

(07*28 %), Gasteropoda, Lamelli- 
branchs, Echinodonn frag- 
ments, Polyzoa, cnlcareous 
Algro. 

115 

„ 3 

4 2 OS. 
82 47 0 W. 

2150 

- 

78-0 

Globigeeina Ooze, with a very 
slight rose tinge, granular, 
pulverulent. 

Residue brown. 

79*30 

(70*00 %), Globigerinidro, Pul- 
vinulina. 

(1 *00 %), Miliolina, Lagenidro, 
Rotalidro. 

(8*30%), fragments of Echini 
spines^ Coccoliths, Rhabdo- 
liths. 

116 

» 4 

5 1 OS. 
88 50 0 W. 

2275 

34-3 

78-0 

Globigeeina Ooze, red tinge, 
granular, pulverulent, earthy. 
Residue red-brown. 

85*04 

(67*00J£), Globigerinidro, Pul- 

(1*00 %), Miliolidro, Lagenidro, 
Rotalidro. 

(7 *04 %), Otoliths and small teeth 
of fish, Ostracodes, Echini 
Bpines, Coccoliths, Rhabdo- 
liths, 

117 

» 6 

. 6 50 0 S. 

84 45 0 W. 

1875 

• • • 

78-0 

Globigeeina Ooze, yellow-brown 
when dry, slightly ooherent, 
oarth y, gritty. 

Residue red-brown. 

56*69 

(40*00 %), Globigerinidro, Pub 
vinulma. 

(6*00 %), Miliolidro, Textularia, 
Lagenidro, Rotalidro. 

(11 *59 %), Otoliths of fish, Gastero- 
poda, Lamellibranchs, Ptero- 
pods, Heteropods, Ostraoodes, 
fragments of Echini spines, 
Rhabdoliths. 

117 a 

„ 6 

•6' 4 OS. 
34 61 0 W. 

. 500 


78-0 

Red Mud, grev-bro-wu, slightly co- 
herent, finely granular, earthy. 
Residue yellow-brown fine 
clayey sand. 

00*79 

,(15*00%), Globigerinidro, Pub 
vinulina. 

(5*00 %), Miliolidro, Textnlaridro, 
Lag&nidro, Rotalidro. 

(40*79 %), fragments of Lamelli- 
branohs, Ptoropods, Hetero- 
pods, Ostraoodes, Echini 
spines, Coccoliths, Rhabdo- 
liths. 
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ItHSrDUB. 

AnnmroNAX. Observations. 

Pot oent. 

Siliceous Organisms. 

Minerals. 

Sine Washings. 


42-66 

27-23 

(1-00 %), a few Radiolaria and 
Diatoms. 

(1 -00 %), one or two Radiolaria, 
Sponge spicules, Lituolidae. 

(80*00 %), m. di. 017 mm., 
rounded ; olivine, enstatite, 
serpentine, magnetite, actino- 
lite. 

(16*00 %) m. dL 0-18 mm., 
rounded ; olivine, enstatite, 
serpentine, aotinolite, felspar, 
augite. 

(11*00 %) { amorphous matter, 
with minute mineral particles. 

(11-28 %), amorphous matter 
and minute mineral particles. 

The mineral particles are chiefly from St. Paul's Rooks 
and consist of grains of olivine, numerous fragments of 
micaceous scales, finely lamellar, yellowish with bronze 
or silver lustre, — of which the microscopic characters 
are those of enstatite or bronzite, —sometimes having 
brown linear inclusions following the prismatic 
cleavage. There are also present fragments of 
serpentine almost colourless or Blightly green. A few 
of the organisms are macroscopic, Might be called 
Pteiopod Oozes. 

J ♦ * 

27-07 

(2-00 %), Radiolaria, Lituolidee, 
Diatoms. 

(1*00 %), m. di. 0-06 mm., 
angular ; felspar, hornblende, 
augite, magnetite, pumice, 
glassy volcanio particles, 
grains of manganese. 

(24-07 %), amorphous matter, 
with minute mineral particles. 

Note the absence of shells of Pteiopods at this depth, r 
and the less amount of carb^pate of lime in the next 
with reference to the depth. 

63*94 

(1-00%), Radiolaria and Dia- 
tomfc. 

(1*00 %), m. di. 0-00 mm., 
angular ; felspar, magnetite, 
hornblende, augite, glasBy 
volcanic particles. 

(01 *94 %), amorphous matter, 
minute mineral partioles, 
fragments of siliceous organ- 
isms. 

This deposit contains muoh amorphous clayey matter 
compared with those at Stations 110 and 112 in lesser 
depths. The majority of the organisms which make up 
the carbonate of calcium are in a fragmentary con- 
dition. Might bo called a Red Olay. 

18-73 

(1 ‘00 %), Radiolaria, Sponge 
Bpicules, AetrorhizidiB, Lituo- 
lidte. 

(1'00%), m. di. 0*10 mm., 
angular ; plagioolose, felspar, 
pyroxene, black mica, zircon, 
magnetite, glassy volcanio par- 
ticles. 

(10-73%), amorphous matter, 
with minute mineral partioles. 

Many of the Foraminifera, especially PvZvi%v2ina mm- 
ardti , are macroscopic. 

772 

A few Sponge spicules. 

(1*00%), m. di. 0-00 mm., 
rounded; fragments of vol- 
canic rocks, quartz, felspar, 
glauconite, magnetite, augite, 
hornblende, glassy volcanio, 
fragments. 

(6*72 %), a small quantity of 
flocoulent organic matter and 
fine mineral partioles. 

The individual' particles which make up this deposit vary 
from 2 to 3 cm. in diameter, and are chiefly composed 
of calcareous Algra of various Bpeoies, some of these 
being bright red in colour. Volcanic pebbles were 
numerous in the dredgings. 

* 

20-70 

(1-00%), Radiolaria, Sponge 
spicules, Lituolidee. 

(1-00%), m. di. 0-10 mm., 
rounded and angular ; quartz, 
felspar, ' augite, hornblende, 
black mica, magnetite, glassy 
volcanic fragments. 

(18 70 %), amorphous matter and 
small mineral particles. 

Some of the Foraminifera are macroscopic. Black mica -n 
is rare, but magnetite in isolated crystals and as in- 
clusions in other minerals is abundant ;• some of the 
glassy fragments ore reddish, and transformed into 
palagonite. 

34-96 

(1 ’00 %), a few Radiolaria and 
Sponge spicules, Lituolidro. 

(1-00 %), m. di. 0-06 mm., 
angular ; quartz, felspar, 
augite, hornblende, mica, 
magnetite, glassy volcanic 
particles. 

(82 *90 %), amorphous matter and 
fine mineral particles. 

Many of the shells of Foraminifera — PiilvinnUna men - 
ardii } &c.,— are macroscopio; some of the quartz par- 
ticles are rounded. 

43-41 

(1-00%), one or two fragments 
of Radiolaria, Sponge spicules, 
Lituolidce, imperfect brown 
casts. 

(6-00 %), m. dL 0-10 mm., 
angular and rounded ; quartz, 
felspar, augite, magnetite, 
mica. 

(87 ‘41 %), amorphous and floo- 
culent matter, many fine 
mineral partioles, and minute 
fragments of siliceous spi- 
cules. 

The pelagic Molluscs do not seem to be so abundant as 
in the sounding at 600 fathoms, nor are the mineral . 
particles so large. Some of the shells are macroscopio. 

39*21 

(1-00%), one or two Sponge 
spicules, Astrorhiridfie, Litu- 
olidee. 

(10*00%), m. dL 0*16 mm., 
rounded and angular ; quartz, 
mica, felspar, hornblende, 
olivine, epidote. 1 

(28*21%), amorphous matter, 
with many small mineral 
particles. 

The majority of the organisms found in this deposit are 
in a fragmentary condition ; some of them are macro- 
scopic. The felspar is kaoHnised. 


Off St. Paul's Hocks. St. Paul'a Rocks to Fernando Noronha. Fernando Noronha to Pernambuco. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 12 and 16, and Diagram 4. 
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Designation and Physical Characters. 

OABBONAXB 07 CALCIUM. 

s 00 




Bottom 

Surface 


Per cent 

Foraminlfera. 

Other Organisms. 

118 

1878 
Sept 8 

o / n 

7 28 OS. 
84 2 OW. 

2060 

o 

S5‘2 

0 

77*6 

Globigerina Oozb, with yellow 
tinge, finely granular, slightly 
coherent, earthy. 

Residue yellow-red, 

87-18 

(26*00 %), Globigerinidee, Pul* 
vinulina. 

(8 ’00 %), Miliolidee, Lagenidco, 
Rotalidce. 

(9*18 %), Otoliths of fiBh, frag- 
ments of Pteropods and Hetero- 
pods, Ostracodes, Echini 
spines, Ooocoliths, Rliabdo- 
Irths. 

119 

.. 8 : 

* 

7 89 OS, 
84 12 0¥. 

1660 

87-2 

77*6 

Globigbbina, Oozb, yellowish, 
finely granular, slightly co- 
herent, 

Residue red. 

48*61 

(80*00 %), Globigerinidee, Pul - 
vinulina. 

(8 *00 %), Miliolidee, Textularidoa, 
Rotnlidee. 

(16 *61 %), Otoliths of fish, Ptero- 
pods, Heteropods, Echini 
spines, Ooccoliths, Rliabdo- 
liths. 

*120 

,, S 

• 

8 37 OS. 
84 28 0¥. 

675 

... 

78-0 

Red Mud, red-brown, granular, 
pulverulent, earthy, until white 
calcareous spots. 

Residue yellow, 

88*98 

(26*00 %), Globigerinidee, Pub 
vinulina, 

(2*00 %), Miliolidee, Textu- 
lnriaoe, Lagenidco, Rotalidce, 
Hummulinidee. 

(11*98 %), Otqliths of fish, Scr- 
pula, Gasteropods, Lamelli- 
branchs, fragments of Im , 
Ianihina, fragments of Zcpcts, 
Brachiopods, Pteropods, He- 
toropods, Ostracode valves, 
Eohinoderm fragments, Cocco- 
liths, Rhabdolitns. 

121 

,, 9 

8 28 0 S. 
84 31 0¥. 

600 

■ • « 

78-0 

Red MtjDj red-brown, arenaceous, 
presenting white calcareous 
spots, pulverulent, earthy, sub- 
lustrous streak. 

Residue yellow and sandy. 

88*66 

(80*00 %), Globigerinidee, Pub 
vinulina . ■ 

(3*00 %), Miliolidee, Textnlaridee, 
Lagenidco, Rotalidce. 

(6*66%), Otoliths of fish, Gastero- 
poda, Lomellibranchs (larval), 
Pteropods, Heteropods, Ostra- 
codes, Echinodem fragments, 
Ooccoliths, Rhabdolitlis. 

122 

„ 10 

9 6 0 8. 
34 6ft 0¥. 

860 


77-6 

Red Mud, yellow-brown, arena- 
ceous, pulverulent, dottod with 
white calcareous spots, 1 

Residue light brown, sandy. 

42*16 

(10*00 %), Globigerinidee, Pub 
vimcUna. 

(6*00 %), Miliolidee, Textularidee, 
Lagenidee, Rotalidce. 

(27*16 %), Otoliths of fisli, Gastero- 
poda, Lomellibranchs, Ptero- 
pods, Heteropods, Ostracodes, 
Eohinoderm fragments, Polv- 
zoa, calcareous Algm, Rhab- 
dolitlis. 

122a 

,, io 

9 10 0 8. 
34 62 0 W. 

120 

' 

77 ‘6 

Red Mud, red-brown, aronacoons, 
with white calcareous spots, 
slightly coherent, earthy, 
gritty,. sublustrous streak. 

Residue red-brown. 

49*10 

(15*00 %), Globigerinidee, Pub 
vinulina. 

(8*00 %), Miliolidee, Textnlaridee, 
LagenidcB, Rotalidce, Num- 
miilinidee. 

(26*10%), Otoliths of fish, 
Serpma, Gasteropoda, Lamelli- 
branchs, Pteropods, Hetero- 
pods, Ostracodes, Eohinoderm 
fragments, Polvzoa, a few 
Ooccoliths and Rhabdoliths, 

122b 

„ 10 

0 9 0 8. 
84 63 0 W. 

82 

... 

77 -5 

Rhd Sandy Mud, with shells. 

... 

... 


122o 

„ 10 

9 10 OS. 
84 49 0W. 

400 

... 

77-6 

Red Mud, similar to that of 
Station 122 a. 

•- 

... 

— 

123 

0. 

,, 11 

10 9 0 S. 
86 11 0¥. 

1716 

87*0 

77-5 

Globigebina Ooze, yellowish, 
slightly coherent, earthy, 
gritty. 

Residue red-brown. 

64*62 

(86*00 /£), Globigerinidee, Pub 
vimuina* 

(8*00 %), Miliolidee, Textularidee, 
Lagenidee, Rotalidce. 

(16*52 %), Otoliths offish, Ptero- 
pods, Heteropods, Ostracodes, 
Echinodenn fragments, Cocco- 
liths, Rhabdolitns. 


* See anal, 64, 66. 
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Hnarmra. 

s — 


Additional Observations. 

Per cent. 

SllioeotiB Organisms. 

Minerals. 

Piqp Washings. 


; 

02*82 

(1*00 %), Sponge spicules, Htuo- 
lidse. 

(16*00 %), m. di. 0*16 m, 
angular and rounded ; quartz, 
mica, hornblende, augite, fel- 
spar, zircon. 

(40*82 %), amorphous matter, 
with many minute mineral 
particles. 

The mineral particles are angular and rounded and very 
abundant With the exception of the Foraminifera 
the organisms are all fragmentary. 

61-39 

(1*00 %), a few Badiolaria, 
Sponge spicules, one or two 
imperfect casts of Foramini- 
fera, Lituolidn. 

(10*00 %), m, di. 010 mm., 
angular ; quartz, mica, horn- 
blende, felspar, zircon. 

(40*89 %),’ amorphous matter, 

; with many minute mineral 
particles. ; 

The Foraminifera in some instances give internal casts, 
which are hollow and imperfect, black or red, the 
colour being due to iron or carbonaceous matter. 
Host of the organisms are fragmentary ; some are 
macroscopic. 

61-07 

(1*00 %), Sponge spicules, As- 
trormzidee, Intuolldee. 

(26*00 %), m. di. 0*10 to., 
rounded and angular j quartz, 
felspar, mica, hornblende, 
zircon. 

(86 '07 %), amorphous matter, 
with many minute mineral 
particles. 

Hany of the shells are macroscopic. The particles of * 
quartz are mostly angular, but sometimes rounded and 
covered with limonite ; felspars are kaolinised ; zircon 
is rare. 

61*44 

(1*00 %), Sponge spicules, Ab- 
trorhizidie, Lituondce. 

(16*00 %), m. di. 0*12 mm., 
rounded and angular ; quartz, 
plagioclase, zircon. 

(46*44 %), amorphous matter, 
with many minute mineral 
particles. 

The percentage of “ other carbonate of lime organisms ” 
appears low when compared with preceding and fol- 
lowing stations, but the specimen examined did not 
seem to justify a higher estimate. 

67*85 

(1*00 %), Sponge spicules, As- 
trorhizidw, Lituolidw. 

(16*00 %), m. di. 0*80 mm., 
rounded and angular ; quartz, 
mica, felspar, hornblende, 
tourmaline, glassy volcanic 
particles. 

(41*86 %), amorphous matter, 
with a great number of minute 
mineral particles. 

The washings of the mud from the trawl and dredge gave 
a great many small Gastcropod and Lamemfcranch 
shells, fragments of EchinodermB, Sponges, Polyzoa, 

&c. The minerals aTe generally angular, but in the 
washings from the trawl there were large rounded 
grains of milky quartz. The felspar is sometimes 
kaolinised. 

60*90 

(1*00 %), Sponge spicules, 
Astrorhizidce, Lituolid©. 

(26*00 %), m. di 0*30 mm., 
rounded and angular ; quartz, 
mica, augite, tourmaline, a 
few glassy volcanic particles. 

(24*90 %), amorphous matter, 
many fine mineral particles, 
and a few minute fragments 
of siliceous spicules. 

Both the trawl and dredge were worked in depths which 
probably varied between the 850 fathoms of Station 
122, and 120 fathoms of this station. Some large 
rounded grains of milky quartz approaching 4 mm. in 
diameter were obtained in the washings of the trawh 
Hany of the pelagic and bottom-living organisms are 
macroscopic ; the larger of these are chiefly fragmentary. 
Among the. minerals the quartz is very abundant. 





- 

i 

All the deposits along this Brazilian coast have a red 
colour ; some of the Globigerina Oozes might, from the 
nature and abundance of minute mineral particles, be 
called Bed Muds. 

46*48 

(1*00 %), Sponge spicules, one 
or two Raoiolaria^ Astror- 
hizidoa, Lituolid©, imperfect 
costs. 

(1*00 %), m. di 0*10 mm., 
angular; quartz, mica, felspar, 
hornblende, augite, a few 
volcanic particles some of 
them glassy. 

(48*48 %), amorphous matter, 
flocculent matter, many fine 
mineral particles, and minute 
fragments of siliceous spicules. 


Some of the shells ore macroscopic. A few red coloured 
casts of the pelagic Foraminifera were obtained in the 
residue after treatment with acid. 


Fernando Noronha to Pernambuco — continued. Off the Coast of South America between Pernambuco and Bahia. 
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THE VOYAGE OE H.M.S. CHALLENGER. 


See Charts 12, 16, and 16, and Diagram 6. 


*o . £ d of the Sea- 

1 1 Date. PoBltton. fj Deelgnation and Phyrioal Character*. 

||l §9 - 

fc * Bottom I Surface 


Carbonate: of Oakhtjw. 


Foramtnlfera. 


Other Orgnnisma. 


124 Sept, 11 10 11 0 S. 1000 ... 

SB 22 0 "W. 


0 

77*5 Gj-itOBlOHRERTA Oozb, yellowish, 40*03 (25*00 %), Globigerinidee, Pub (12*63%), Gasteropoda (larval), 

slightly coherent, earthy. vinulina. Pteropods, Heteropods, Ostra- 

Residue red-brown. (8*00 %), Miliolidse, Rotalidee. codes, Echini spines, Cocco- 


liths, Rhabdoliths, 


125 „ 12 10 40 0 S. 1200 

$0 2 0 W. 


126 „ 12 10 40 0 9. 770 

80 8*0W. 


120A 12 10 45 0 S. 700 

80 9 0 W. 


77* 0 Bed Mud, rod-brown, slightly 
coherent, finely granular, with 
white calcareous spots, sub- 
lustrous streak. 

Beeidue reddish yellow. 


(10*00%), Globigerinidee, Pub (8*79 %), fragments of PteropodSj 
vmulina. larval Gasteropoda, Echini 

(2*00 %), MiUolima; Rotalidee. spines, Ooccoliths, Khabdo- 

hths. 


id Muds, red-brown, earthy, 5*75 (3*00 %), Globigerinidee, Pub (1 *76 %), fragments of Pteropods, 

granular, slightly coherent, vinulina. Echini spines, Ooccoliths, 

sublustrous streak. (1*00 %), MiZiolina , Textu- Bhabdoliths. 

Residue red-brown. laridee, Lagenidro, Rotalidee. 


13 11 42 0 9. 1016 88*6 77*0 Rbd Mud, red-brown, slightly 28*72 (10*00 %), Globigerinidee, Pub (16*72 %), Pteropods, Heteropods, , 

' f 87 8 OW. coherent, earthy, finely grann- vi/nulina. Ostracodes, fragments ot 

lar. (8*00 %), Miliolidro, ' Textu- Echini « spines, Ooccoliths, 

Besidue red-brown, with lariaee, LagenicUe, Rotalidee. Rhabdoliths. 

many glistening scales of mica. 


14 18 6 0 9. 1276 

88 7 OW. 


70*5 GiiOBIgerxna Oozb, with a 
yellowish tinge, slightly co- 
herent, earthy. 

Besidue yellow-red. 


„ 10 Off Bahia. 10-17 Quautzifbbous Mud, of a light | 

greenish grey colour, slightly 
coherent, granular, presenting 
white calcareous spots. 

Besidue brown, sandy, with 
black specks. 

30 20 18 0 9. 2160 84*2 74*0 Globigemna Oozb. drying into 

86 19 0 W. clayey masses of a dirty red 

colour, fine grained. 

Beeidue red-brown. 


50*06 (30*00 %), Globigorinidee, Pul- (17*65 %), Gasteropoda (lar- 

vLnutvna. val), Pteropods, Heteropods, 

(8*00 %), Miliolidee, Textu- Ecbiui spines, Ooccoliths, 

laridee, Rotalidee, Hummn- Rhabdoliths. 

linidee. 

80*90 (16*00 %), Miliolidee, Textu- (16*90 %), Serpula,, Gosteropods, 

land©, Lagenidee, Rotalidee, Lamellibrauchs, Osti’acodes, 

Nununulinidte. Echinoderm fragments, Poly- 

zoa, Alcyonarian spicules. 


46*48 (40*00%), Globigerinidee, Pub (6*43 %) 2 small teeth of fish, 

tormina. Echini spines, Ooocoliths, 

(1 *00 %), Miliolina , Lagenidee, Rhabdoliths. 

Rotalidee, 


130 Oct 8 26 16 0 8. 2860 34*7 69*0 Globigerina Oozb, greyish red 86*98 (27*00 %), Globigerinidee, Pub (7*98 %), fragments of Echini 

82 66 OW. when dry, finely granular, co- vinulma. spines, Ooccoliths, Ehabdo- 

herent. (1*00 %), MUiolina^ Lag&rn^ Rota- hths. 

Residue reddish. lid& 


£181 


6 29 85 0 S. 2275 84*6 06*0 Globigerina Oozb, yellow- 65*68 (46*00 %), Globigerinidee, Pul - (8*68%), fragments of Echini 

| 28 9 0 W. I brown, drying into coherent | tormina* spines, Ooccoliths, Rhabdo- 

(2*00%), Miliolidee, Lagena, liths. 


brown, drying into coherent 
masses. 

Besidue red. 
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E.HS1DUB. 

* 

Additional Obshrvations. 


Per cent. 

SllloeouB Organisms. 

Min oral fl. 

Pine Washings. 



59-87 

(1-00 %), a few Sponge spicules, 
one or two Railiolurin, Litu- 
olidin, imporfout brown oasts. 

(1-00%), m. di. 012 nun., 
angular ftntl rmuidod ; quartz, 
liornblondo, felspar, mica, 
augito, magnetite, a few glassy 
voloanio particles, 

(57*87 %), many very fine 
minoral particles mixed with 
amorphous matter, and a few 
minute fragments of siliceous 
spioules. 

Many of the shells are macroscopic, but are muoh broken > 
up. Some of the mineral particles attain a diameter of 

2 mm. 


70*21 

(1*00 %), Sponge Hpioulos, Litu- 
olidte. 

(25 '00%), in, di. 0*08 mm., 
angular and rounded ; quartz, 
mica, felspar, hornblende, 
pumioe, glassy volcanic par- 
ticles. 

(53*21 %), amorphous matter 
mixed with many lino mineral 
particles. 

Quartz iB the principal mineral in this deposit ; the smaller 
particles are angular, but when the grains are large 
they are rounded. Mioa is abundant, and plagiodase 
■ is present in some quantity ; pumice rarely oooure. 
Some of the grains attain a size of 1 mm. 


94*25 

(1*00 %), a few fragments of 
Sponge spicules, Lituolidce. 

(25*00 %), m. di. 018 mm., 
angular; quartz, mica, felspar, 
hornblende. 

(68*25 %), amorphous matter, 
many fine mineral particles, 
a few minute fragments of 
siliceous spioules. 

The felspar is generally kaolinised. 


71-28 

(1-00 %), a few Sponge spicules, 
Astrorhizldus, Litudlidm. 

(25*00 %), m . di. 0*07 mm., 
angular and rounded ; quartz, 
mica, felspar. 

(46*28 %), amorphous matter, 
very many minute mineral 
particles, a fow fragments of 
Bilicoous spioulos. 

The amorphous matter in this deposit is small in quantity r 
compared with the mineral particles ; these latter form 
the essential part of the residue, and their dimensions 
vary from 1 to 0*02 mm. The quartz particles are 
generally angular, rardy rounded, and are the most 
abundant of the minerals in this dopoBit. Mica is also 
abundant; felspar is frequent and sometimes kaolinised. 
Many of the shells are macroscopic although much 
broken up. 


49-35 

(1‘00 %), a few Spongo epioules, 
Lituolidro. 

(1*00 %), m. di. 015 mm., 
rounded and angular ; quartz, 
mioa, felspar, liornblondo. 

(47*35 %), amorphous matter, 
many minute mineral par- , 
tides, and a fow fragments of 
siliceous spiculos. 

A fow of the polagio shells are macroscopic. [Die felspar 
in some cases is kaolinised. Note that in all the 
deposits along this coast Radiolaria are exceedingly 
rare, and glauconite nearly, if not quite, absent. 


69-10 

(1 *00 %), Spongo spioulos, and a 
few Diatoms. 

(46*00 %), m. di. 0*40 mm., 
rounded and angular; quartz, 
felspar, magnotito, horn- 
blende, mica, minute rook 
fragments, grains of glau- 
conite. 

(28 *10 %), amorphous flooculent 
matter, many minute mineral 
particles, and fragments of 
silioeous organisms. 

In some places the deposit is a quartz sand ; in others a 
mud containing all the above-mentioned material, along 
■with fine amorphous matter. Many of the organisms 
are macroscopic. 


63-57 

(1-00%), a few siliceous 
Hpiculcfl, red ousts of polagio 
Foramiuifera, Autrorhiza. 

(1*00 %), m. di, 0*00 mm., angu- 
lar; quartz, mioa, monoolinic 
ana triclinio felspars, horn- 
blende, glassy volcanic frag- 
ments, augito. 

(61*57 %), amorphous matter 
and very many fine mineral 
partioles. 

Some of the quartz grains are rounded and covered with > 
limonite. The particles of felspar are in some cases 
kaolinised. Scales of mica are abundant, having some- 
times a diameter of 0 *2 mm. ; some silver-white scales 
are probably muscovite. Dredge-rope carried away. 


04-07 

(1*00 %), a few fragments of 
Spongo spicules. 

(1-00 %), m. di 0*06 mm., angu- 
lar and rounded; quartz, fel- 
spar, augito, hornblende, 
pumice, a few grains of man- 
ganese. 

(02*07 %), amorphous matter, 
with a great many fine min- 
eral particles. 

Many of the quartz grains are rounded and have a diameter 
of 0 *2 mm, The trawl was hauled up just to the ship’s 
side when the line parted ; judging from the extension 
of the accumulators, it was apparently heavily laden. 


44-87 

(1-00 %), Radiolaria, Lituolidui. 

(1*00%), m. di. 0*00 mm., a 
few particles have a diameter 
of 0*20 mm., angular; brown 
and red glassy volcanic par- 
ticles, felspar, augite, horn- 
blende, mioa, a few grains of 
quartz and pumice. 

(42*87 %), amorphous matter, 
with many very minute 
mineral particles and a few 
fragments of silioeous organ- 
isms. 

This deposit contains muoh amorphous clayey matter. 
The trawl brought up the eorbone of a Ziphim,* having 
a very Blight ‘coating of manganese ; growing on it was 
a polyp, to which an egg capsule was attached. There 
was also a rounded piece of pumice, 8 to 4 cm, in 
diameter, white coloured and very fibrous, and contain- 
ing small crystals of magnetite and hornblende. ^ 


* Sea Zool. Ohall. Exp., pt. iv. p. 89., pi. u. flg. 10. 
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THE VOYAGE Of H.M.S. CHALLENGER. 


See Charts 10 and 17, and Diagrams 6 and 0. 
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Bottom 

Surface 


Percent 

Poramlnlfera. 

Other OrpaniHmfl. 

182 

1878 
Oct). 10 

o t n 

85 86 0 S. 

28 40 Of, 

2050 

0 

35*0 

0 

58*0 

GLOBICtBEttTA 00220, White with 
h roso tint, drying into 
white chalky masses, slightly 
coherent, finely granular, 
homogeneous. 

Residue red. 

86-04 

(75*00 %), Globigetinidee, PuU 
viimvnch 

(1 -00 %), BUo&aXiM) Rotalidffi. 

(9*04 %), fragments of Echini 
spines, Oocooliths, Rliabdo- 
liths. 

188 

„ 11 

85 41 0 a 
20 56 0 W. 

1900 

85-4 

58*0 

GtoMctffiBiKA Ooze, white with ft 
slight rose tint, when dry 
forming white chalky masses, 
friable, pulverulent, homo- 
geneous, granular. 

Residue red. 

80*04 

(76-00%), Globigerinidee, PuZ- 
vinvMnd. 

(2*00 %), Miliolidee, Textularidm, 
Lagenidro, RotaUdra. 

(0 *04 %), Otoliths of fish, one or 
two fragments of larval Gastero- 
poda and of Pteropods, Eohi- 
nodenn fragments, Ooccoliths, 
Rhabdoliths. 

184 

„ 14 

80 12 0 a 
12 10 0¥. 

2026 

880 

68-6 

Globioerina Ooze, grey-white, 
when dry forming grey chalky 
masses, homogeneous, very 
slightly coherent 

Residue dork brown. 

59*18 

(60 *00 %), Globigerinidro, Pul- 
vinulina, 

(1-00 %), MUiolina, Textularidce, 
Rotalidm. 

(8*18 %), fragments of Echini 
spines, OoooolithB, Rhabdoliths. 

185 

16 

87 1 60 a. 

12 IB 10W. 

360 

... 

68-6 

Volcanic Sand, when dry form- 
ing a red-brown dust or ash, 
very sightly coherent. 

Residue grey-brown. 

n 

0*93 

(8*00 %), Globigerinidro, Pul- 
vinulina. 

(l'^^^Miliolidfie, Lagenidro, 

(2*93 %), D&nfaliwn, Gastero- 
poda, Lamollibronoha, Ptoro- 
pods, Ostracodes, Echini 
spines. 

186a 

16 

87 16 50 a. 
12 46 16 W, 

76 

*** 

54-0 

Hand Ground, sheila and 
gravel. 

i 

... 


186b 

17 

87 22 80 3. 
12 88 Of, 

m 

- 

63*6 

Harp Ground, Shells and 
gravel. 


i 

*■ 

185o 

.. 17 

87 26 80 8. 
12 28 SOW. 

110- 

160 


64*0 

Coarse Shelly Bottom. 

96-00 

1 

(5*00 %), Globigerinidse, Pul- 
vinulina. 

(16*00 %), Mfliolidee, Textu- 

laridce, Lagenidee. 

(76 *00 %), Scrpula, Gasteropoda, 
Lamellibranchs, Brachiopods, 
Pteropods, Echinoderm frag- 
ments, Polyzoa. 

1 S5d 

.. 17 

87 26 0 a 
12 30 80 W. 

72 

... 

64*0 

Ooarbb Shelly Bottom, 




185a 

„ 18 

87 21 o a 
12 22 30 W. 

1000 


58*5 

Hard Ground, shells and 
gravel. 


... 

... 

186f 

18 

87 14 46 8. 
12 20 16'W. 

1100 

- 

53*6 

Hard Ground. 

... 

... 

»•« 

I 860 

„ 18 

87 10 50 a. 
12 18 SOW. 

560 

... 

54*0 

Hard Ground. 

... 

' 

... 
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BiBSTDUEL 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

Pine Washings. 


14'96 

(1-00%), Radiolaria, Sponge 
spicules, Lituolid©, 

(1*00 %), m. di 0-06 mm., angu- 
lar ; fragments of felspar, 
glassy volcanic particles, 
augite, hornblende. 

(12-90 %), amorphous matter, 
fine mineral particles, and 
minute fragments of siliceous 
organisms. 

G-lassy volcanic particles are abundant in this deposit, 
many of them pale green or rod owing to decomposi- 
tion. Plagioclase, hornblende, and augite fragments 
are Tare. The Forammifera ore exceptionally small, and 
PuMnulina menartlii was not observed. 

13*96 

(1 *00 %), Radiolaria, Sponge 
spicules, Astrorhizida?, Lituo- 
lid©. 

(1*00 %), m. di. 0*06 mm., angu- 
lar ; quartz, felspar, horn- 
blende, mica, volcanic gloss. 

(11 -96 %), amorphous matter, 
many fine mineral particles, 
fragments of siliceous 

spicules. 

The trawl brought up Ianthma, shells occupied by Pag- 
urm. The Foraminifera are voiy minute and all the 
typical tropioal forms have disappeared, Rounded 
grains of quartz are very rare. 

40-82 

(l'OO %), a few Radiolaria and 
Sponge spicules, Lituolid©. 

(6‘00 %), m. di. 0’06 mm., 
ohiefiy angular, a few rounded ; 
quartz, felspar, hornblende, 
magnetite, black mica, 
pumice, red and brown 
rounded glossy particles. 

(84-82%), amorphous matter, 
many fine black and other 
mineral particles, and a few 
fragments of siliceous organ- 
isms. 


93-07 

(1 -00 %), a few Radiolaria, 
lituolid©, Diatoms. 

(80-00 %), m. di. 0-60 mm., 
angular ; magnetite, augite, 
hornblende, pumice, volcanic 
glass sometimes altered to 
palngonite. 

(12*07 %), many fine mineral 
particles, amorphous matter, 
a few fragments of Radiolaria 
and Diatoms. 

Some of the fragments of volcanic rocks found in this 
deposit have a diametor of from 1 to 3 mm.; frag- 
ments of felspathio rocks are numerous. Some of the 
shells are macroscopic. 

... 


... 

... 

The dredge brought up a few volcanic rook fragments. 

... 


... 

1 

The material brought up by the sounding tube indicated 
a haid shelly bottom. 

4*00 

(1 -00 %), Sponge spicules, Litu- 
olid©. j 

(2-00 %), m. di. 0'30 mm., an- 
gular and rounded ; samdine, 
plagioclase, augite, horn- 
blende, black' mica, olivine, 
glassy volcanic particles, 
magnetite, lapillL 

(1-00 %), a small quantity of 
fioeculent organic matter, 
minute mineral particlpB, 
a few fragments of siliceous 
spicules. 

There are one or two fragments of basaltic lava from 

3 to 4 cm. in diameter, in which can be distinguished 
ciystals of augite and magnetite ; these are surrounded 
by a red zone of decomposition. It may be safely 
said that the bulk of this deposit is made up of Polyzoa. 

... 




Similar in every reBpect to the above. 

... 


... 

... 

The dredge brought up several large pumice stones, 



(dhot-sha deposits oh all, tsss . — 1890.) 


10 


Off Tristan da Cunha. 








Gape of Good Hope to Marion Island. Tristan da Cnnlia, to Cape of Good Hope. 


See Charts 16 and 18, and Diagrams 6 and 8. 


THE VOYAGE OP H.M.S. CHALLENGER. 


*© , Temperature 

, -9 1 of the 9ea- 

| "Date. Position. C§ (Pah?). Designation and Physical Oharaotora. 

K Pg 

Bottom Surface 


Carbonate op Oaloiuh. 


Pomminifera. 


Other Organisms. 


136 Oct. 20 86 48 0 S. 2100 85*2 54*0 

7 18 0¥. 


” 28 8 1 n | 2660 84-6 68-1 Globiqbrina Ooze, when drv 35-22 f2fi-nn °A m„v • 

forming yellow-grey clayey miuEk b ^ enmda3 > Ful - (9 '22 %), OetracodeB, Echini 

CP 0gme ° lie ’ PUW (1 -M %), MMtoa, Rotelida, teolitte? 011 * 118 * * 

1 f Residue red. 


” 25 8 g ?2 o E 2 ^° ^ ED ^lay, red-grey, drying 26*22 (20*00 °/) Glni * ■ -i n. 

i nto inarlymasses, finely gram? 2 (2 °2 JL Globl S al ’ uud£B > *“*■ 

P-OO %), MMoUna, Rotnlidre. 

Residue red-brovm. 


(6*22 %), small tectli of fish, 
fragments of Echini spines. 
Ooccolithe. 


” 7 16 9 SI 2825 841 50,2 QwmamwA Oo®, grey, drying «« rsK-nn ^ nv 

18 6 ° E ' into ohnlky masecsf withafoif 4716 ZZE Glohl Z enmd *> ** 

gmn, pulverulent ts^ODV) 7 

Besidne dark grey, sandy. ( ItfLKZ’linwT 


140 u 28 35 0 0 S. 1250 

17 67 OK 


59*0 Globigerika Ooze, greenish- 60*26 fin-nn °/\ m t* • . ' 

grey, drying into slightly oo- mWwL 611 “tigonnidse, Pul- 

herent grey coloured masaea°° fiSorTwi «• « 

Residue gi-eenish brown. 1 r°» JzSa* Textulandm, 

jjftgematE, Kotandtn, Hmmnul- 


%)» small tooth of fish, 
Echini spines, Coccoliths, 
Rhabdoliths. 


(9*26%), fragments of Echini 
spines, Coccoliths, Rhabdo- 
liths. 


I Doc. Simon’s Bay, 20 
Cape of Good 
Hope. 


green when T wft^gr eeniah 2217 (10*00%) Miliolidro, Textularidfe, 

coloured when dry g Lagemd®, Ghbigcrina, Rot*: 

Residue green. hdtBf Nummulinidai. 


(12*17 %), Serpula , Gasteropoda, 
Lameliibrancha, Ostracodes, 
Eobinoderm fragments, Poly- 


» 17 84 41 0 3. 

18 86 0 E, 


98 49*6 


1*5 Gbebn Sand, mth white spots, 49*40 m i,- • -j 

py-green and slightly P 00- (26 *00 4 ) 1 (°‘^%), Gasteropoda, Lamelli- 

* Coccoliths, J ' 


" “ s " sl " ” ” ■stta-asrss ,m srawasss^ «*»» ««, H - 

r w, *“ ,ta ‘^.JasrsKs sb? *& 

Residue green. m/ubranchs, Pteropods, Oeto- 

enrifiq j* 


T — -rTTr^* wAUjjyuB, ustra- 
codes, Echinodenn fragments, 
Polyzoa, Ooocolitbs. 


‘ See anal. 06. 


+ See anal. 72; PI. XX. fig, 1 ; PI. XXIV. fig. 1. 
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Hesidue. 

additional Observations. 

Per cent. 

Silloeous Organisms. 

Minerals. 

Fine Washings. 


64-78 

(1*00 %), Radiolaria, Sponge 
spicules, Diatoms. 

(1*00 %), m. di. 0*07 mm., 
angular ; quartz, felspar, 
magnetite. 

(0278%), amorphous matter, 
many very minute mineral 
particles, fragments of 

Diatoms. 

There was nothing in the sounding tube to indicate the 
nature of the bottom. The dredge oame up empty and 
without any marks or material to indicate the nature 
of the deposit. 

The quartz grains in some cases are rounded, and about 1 
mm. in diameter. The pelagic Foraniinifera arc much 
broken, and composed entirely of the dwarfed, heavy, 
and thick-sholleu forms ; them is no great variety. 
The bottom-living farina are very rare ; there are a few 
macroscopic fragments of Polyzoa. 

73 78 

(1*00 %), Radiolaria, Sponge 
spiculeB, Diatoms. 

(2*00 %), m. di. 0*07 mm., 
rounded and angular ; quartz, 
orthoclaso, hornblende, augite, 
tourmaline, magnetite, grains 
of manganese, 

(70*78 %), amorphous matter, 
with many minute mineral 
parti des and fragments of 
siliceous spicules* 

The pelagic Foraminifera are fragmentary ; the bottom- 
living forms are very rare* Several of the quartz 
grains are rounded and have a diameter of 1 mm. 

62*85 

(1*00 %), Radiolaria, Sponge 
spicules, Astrorhizidce, Lituo- 
lidae, Diatoms. 

(8*00 %), m. di. 0*07 mm., 
angular ; quartz, glauconite, 
plagio close, augite, horn- 
blende, magnetite. 

(43*86 %), amorphous matter 
and very fine mineral particles. 

Some of the bottom-living Foraminifera are macroscopic. 
The felspar is kaolinised. 

49-74 

(1*00 %), a few Radiolaria, 
Sponge spicules, Lituolidre, 
glauconitic oaBts, Diatoms. 

(1*00 %), m. di. 0*10 mm., 
angular ; quartz, glauconite, 
felspar, augite, magnetite. 

(47 74 %), amorphous matter 
and fine mineral particles. 

The pelagic Foraminifera are dwarfed in character. 
Glauconite ib abundant ; glauconitic costs of the 
Foraminifera wore observed. Note tho appearance of 
glauconite on approaching a continental Blioro. 

77-88 

(1*00 %), Sponge Bpiculos. 

(70*00 %), m. di. 2*00 m, 
rounded ; quartz, felspar, 
augite, glauconite, mica, mag- 
netite, nomblonde. 

(0*83 %), amorphous matter, 
fiocculent organic matter, and 
minute fragments of minerals. 

Many of the organisms aro raaoroscopio. Quartz is the 
principal mineral, many of the grains of which are milky 
and rounded, some of the largest having a diametor of 

1 cm. There is also present a quantity of amorphous 
flooculent clayey and organic matter, which gives a 
light green tinge to the deposit 

60-64 

(6 *00 %), Sponge spicules, white 
and pale green oasts of Fora- 
miniiera and other organisms, 
Lituolidec, Diatoms. 

(40*00%), m, di. 0*35 mm., 
rounded and angular ; quartz, 
glauconite, felspar, garnet, 
black mica, hornblende. 

(4*64 %), greenish coloured mat- 
ter (possibly organic), frag- 
ments of minerals and Diatoms. 

The quartz graius in many cases are rounded and the 
felspar kaolinised ; all the minerals are more or loss 
covered with a greenish substance. Small glauconitic 
concretions contained phosphate of lime. 

32-26 

(6 *00 %), Sponge spicules, grey 
and green casts of Foramini- 
fera, Astrorhizidflo, Lituolidfle, 
Diatoms. 

(20*00 %), m. di. 0*20 mm, 
rounded ; quartz, glauconite, 
felspar, hornblende. 

(6*26 %), amorphous matter, 
fragments of minerals ana 
siliceous organisms, with 
some green particles. 

In the dredge there were a few glauconitic concretions 
measuring from 2 to 0 mm. in diameter. There was 
here, as at the last station, much green coloured 
amorphous matter in the mud. Some portions seemed 
like vegetable tissue ; when heated on platinum it 
gave of? an organic smell. This green substance 
and the glauconite give the green colour to tho 
residue. There were a good many phosphatic con- 
cretions, some of them over a centimetre in diameter. 


Tristan da Conha to Cape of Good Hope. Cape of Good Hope to Marion Island. 




Cape of Good Hope to Marion Island. 


THE VOYAGE OF H.M.& CJHALLENGEE. 


See Charts 18 and 10, and Diagram 8. 


Temperatnre 
*1 g ot the Sea- 

Bate. Position. 5 S (7abr,), Designation and Physical dharaoters. 

Bottom I Snriaoe 


OARBONATfl OF OALOIUM. 


Poramlnlfera, 


Other Organisms. 


*148 Deo. 10 86 48 OS. 1900 35*6 78'0 Globigebina Ooze, dirty-white, 00-84 (70-00 %), Globigerinidue, Pub (15 -34%)/ Otoliths of fish, larval 

19 24 0 E. slightly coherent, granular. 1 vvmlim . Gasteropoda, larval Lamelli- 


slightlj coherent, granular. I 
Beeidue yellow-green, with 
"block grains. 


wTiuliTia. Gasteropoda, larval Lamelli- 

(5 -00 %), MUiolidffi, Textularidre, branohs, Tercbratulct, Ostra- 

Lagenidse, Rotalidee, Nurrunn- codes, Echinodenn fragments, 

lirndee. Polyzoa, Coccolitha 


„ 24 45 57 0 8. 1570 85*8 43-0 GiOBi&ERmA O oze, white, granu- 92'84 (80*00 %), Globigerinidm, Pub (10*84 %), Ostracode valves, Ech- 

84 89 0 E. lar, slightly coherent when vii iulin&. ini spines, Coccoliths. 

dry- (2‘00 %), Miliolidsa, Lagenidro, 

Uesidne yellow-grey. Eotanda, Nununulinidje. 


144a „ 26 46 48 0 S. 50-100 

87 49 80 E. 


41-0 Volcanic Saicd, black, fine 26 '18 (6’00 %), Globigerinidm. (16 -18%), Sorpula, DentaHum, 

grained, but mixed with (6*00 %), Miliolidee, Textnlaridee, Brachiopods, Gasteropoda, 

large fragments of Bhells, S&r- Lagenid©, Rotalidee, Nummu- Lamellibranchs, Ostracodes, 


ufo, and Polyzoa, 
Residue black. 


Echinodenn fragments, Poly- 
zoa. 


„ 27 46 48 0 S. 85-140 

88 4 30 E. 


41-0 Volga mo Sand. 


145a „ 27 46 41 0 S. 810 

88 10 0 E. 


41-5 Volcanic Sajtd. 


” 29 45 81 0 1 1876 85-6 48 ‘° fll STr 82“* ? Hte> . 86-38 (75-00 %), Globigerinida, Pul- (9-86 %), tubes of Sorpula and 

vimMna. other Annelida, Gasteropoda, 

Eesidne yellow-grey. (2'00 %), Miliolidee, Textularid©, Lamellibranchs, Cirripedia, Os- 

Lagenid©, Rotalidee. traoodes, Echinodenn frag- 

ments, Polyzoa, Oooooliths. 


See anaL 78, 74; PL XX. figB. 2, 8, 4. 


+ See anal. 48. 
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Hesedupl 

Additional obseuvations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

Pine Washings. 


9*00 

(1*00%), a few Radiolaria, 
Sponge spicules, white and 
green imperfect casts of 
Foraminifera, ABtrorhizideo, 
Lituolidse, Diatoms. 

(3*00 %), m. di. 0*12 mm., 
rounded and angular; quartz, 
felspar, plagioclase, glau- 
conite, grains of manganese. 

(6*66 %), amorphous matter, 
line mineral particles, iloccu- 
lent matter, and fragments of 
siliceous organisms. 

This deposit contains but little fine calcareous or clayey 
matter and is almost entirely oomposod of isolated 
white Foraminifera shells. There were in the dredge 
many small, irregular, phosphatic concretions, 1 to 

4 centimetres in diameter, ooatod with manganese, and 
containing glauconite and Foraminifera, 

7-66 

(1*00%), Sponge spicules, 
Radiolaria, Astrorhizidfle, 

imperfect casts, Diatoms. 

(1*00%), m. di. 0*12 mm., 
angular and rounded; mono- 
clinic and triclinic felspars, 
augite, hornblende, magnetite, 
olivine transformed into ser- 
pentine, bronzite, fragments 
of volcanic glass and allied 
rocks, manganese grains, 
quartz. 

(5*86 %), amorphous matter, 
with minute mineral particles 
and fragments of Diatoms. 

This deposit, like that obtained at Station 143, is remark- 
able tor tno small quantity of minute and amorphous 
particles. Some rolled fragments of quartz attain ft 
diameter of about 1 mm. The pelagic Foraminifora 
are of the small and thick-shelled varieties peculiar 
to the colder waters of the ocean, although they 
are not of the typical Arctio and Antarctic varieties, 
Globigerina Intiloides predominating. 

73-87 

(1*00 %), a few Radiolaria, 
Sponge spicules, Lituolidce, 
Diatoms. 

(06*00 %), m. di. 0*16 mm., 
angular and rounded; plagio- 
claso, felspar, augite, olivine, 
magnetite, small lapilli of 
vitreous basaltic rocks. 

(7*87 %), minute fragments of 
minerals and Diatoms, amor- 
phous matter, vegetable mat- 
ter. 

Four hauls wore taken with the dredge, two at 60, one 
at 76, and one at 100 fathoms. The bottom was 
covered with Polvzoa of several species, the swabs nnd 
dredge being filled with them, together with the 
remains of a great many other animals. 


... 



Two hauls of the dredge wore taken, one in 86 and the 
other in 140 fathoms when a small quantity of deposit, 
similar to that described at Station 144 a, came up. 
The animals were similar to those obtained on the 
previous day when dredging nearer to Marion Island. 

... 

1 

... 


A little mud in the dredge indicated the same kind of 
deposit as in the shallower depths on the same day. 
One of the most successful hauls of the cruise was made 
with the dredge, it being filled with animals. 

13*04 

(8*00 %), Radiolaria, ABtror- 
hizidffi, Litnolidse, many 
Diatoms. 

(1*00 %), m. di. 0*10 mm., 
angular ; felspar, plagioclase, 
miorocline, hornblende, mag- 
netite, garnet, tourmaline, 
pumice. 

(9*64 %), fragments of Diatoms, 
a little amorphous matter 
and a few mineral particles, 

No Rhabdoliths or Orbuliiym were observed in this 
deposit ; their southern limit seems to have boon passed 
at this point There was a fragment about l cm. in 
diameter chiefly formed of a lamellaT mineral, probably 
bronzite, with metalloid lustre, extinction parallel to 
the direction of the cleavage, hardly fusible. It was 
attached to some pale green serpentinous matter. The 
trawl was used and one of the best hauls during the 
cruise was obtained, the hog being filled with animals. 

In the trawl were five irregular scorioceous lapilli, 
from 1 to 6 centimetres in diameter ; they are more or 
less porous, like pumice, but the vitreous substance is 
deep brown. 


Cape of Good Hope to Marion Island.— continued. Off Marion Island. 


THE VOYAGE OE H.M.S. CHALLENGER. 


See Charts 18, 20, 21, and 22; 


Temperature 
of the Sea- 


(fftthr y Designation and Physical Characters. 


Cabbonatb of Calcium. 


[Bottom I Surfaoel 


PoTaminifero. 


Other Organisms. 


147 Deo. 80 40 16 OS. 1000 34*2 41 '0 DrATOM Ooze, grey, very fine 84*68 (80*00 %), Globigerinidee, Pul- (8*68 %), Eohinoderm fragments, 


48 27 0 E. 


g rained, vary slightly co- | 
erent, small grains recog- 
nisable to the touch. 

Residue brown-black, lighter 
portions white. 


(80*00 %), Globigerinidee, Pi 
vinulina. 

(1*00 %), MiliolidBB, RotaJidse. 


Coccoiiths, 


147a Jan. 1 46 46 0 S. 600 

50 42 0 E. 


42*0 Diatom Oozis, grey, pulverulent, 
mineral partioles perceptible 
to the touch. 

Residue, heavier portions 
black, lighter portions 
white. 


3*84 (80*00 %), Globigerinidro, Pul- (5*84%), Ostracodes, Echini 

vinulina . spines, a fow Coccoiiths. 

(1*00 %), Miliolidee, Rotalidm. 


$ 

§ 148 


8 46 47 0 S. 210 

61 87 0 E. 


41 *0 Hard Gkound, gravel, shells. 


148a „ 3 40 63 0 S. 660 

61 62 0 E. 


41*0 Haud Gbotod, gravel, shells. 


r 149 
149a 
. 149b 

a 149o 
| 146d 

Z 149b 
3 149f 

gj 149a 
g> 149 h 
kS 149j 
to 149 k 


Green Muds, when dry grey- 1*00 Miliolidee, Textularidre, Lagen- Serpula, Gasteropods, Lamelli- 
green, slightly ooherent, idee, Globigeiinidro, Rotalidee, branchs, Ostracodes, Echino- 

earthy. Nummulimdse, derm fragments, Polyzoa. 

Residue dark green. 


160 Peb. 2 62 4 OS. 160 86*2 87*6 Coarse Gravel. (The descrip- [20*00] (3*00 %), Globigerinidee. (16*00%), TerebraMla , Ostra- 

71 22 0 E. tion . is made from material (1 *00 %), Miliolidae, Lituolid©, codes, Echinoderms, MiUepora , 

obtained in the dredge. The Tertularidae, Lagenidse, Rot- Polyzoa. 

percentages are approximated.) alidaj. 


7 62 69 80 S. 75 

73 38 30 E. 


86*2 Volcanic Sand, black, fine | 
grained. 

Residue black. 


i'68 (1*00 %), Miliolidee, Textularidea, (1*68 %), tubes of Serpula, and 

Lagenidee, Globigerinidro, other Annelids, Gasteropoda, 
Rotalidse. Lamellibranchs, Ostracodes, 

Eohinoderm fragments, Poly- 


REPORT ON THE DEEP-SEA DEPOSITS. 


ADDITIONAL OBSERVATIONS. 


IUoooub Organisms. 


Fine Washings. 


(25*00 %), Radiolaria, Sponge 
spicules, numerous Diatoms. 


(20*00 %), Radiolaria, oasts of 
calcareous organisms, Dia- 
toms. 


(25*00%), m. di 0*12 mm,, 
angular and rounded j felspar, 
plagiodase, augite, horn- 
blende, olivine, magnetite* 
brown and red decomposed 
glassy volcanic fragments, one 
or two rounded quartz grains, 
brown and rod mammillated 
fragments. 

(26*00 %), m. di. 0*12 mm., 
angular and rounded ; felspar, 
plngioolase, black mica, horn- 
blonde, augite, magnetite, 
olivine, glassy volcanic parti- 
cles, rod mammillated frag- 
ments. 


(16 *37 %), fragments of Diatoms 
and minute mineral particles. 


(18*06 %), amorphous matter, 
very many fragments of 
Diatoms, and minute mineral 
particles. 


Very little of the deposit was obtained. Thera were 
several pebbloH in the trawl; one fragment, about 3 cm. 
in diamotor, is angular ; some of them are vosicular 
augito-andesites, with a vitreous baso. In addition 
there wore other fragments covered with and cemented 
by man gan oso ; the Be consist of lapilli, brown in 
colour aud much decomposed. 


There are in this deposit very fine and perfect casts of 
Foraminiforn, fragments of Echini, &c. The carbonate 
of lime organisms are white or of a polo Btraw colour ; 
with reflected light they aro shining and homogeneous; 
with transmitted light some are opaque, some trans- 
parent and yellow-brown. There are no green oasts or 

g lauconitic particles in the deposit. It & unusual to 
nd such perfect casts in the deposit off a volcanic 
island. Some of these casts show aggregate polariza- 
tion. 


There were two dredgings; many animals, but no 
deposit, were obtained. The bottom scorned to bo 
haid and composed of gravel, Polyzoa, and shells. 


The dredge brought up a few specimens of Aphrocallistes. 
The bottom appeared to bo of the samo nature as that 
at the previous Btation. 


*00 (60*00 %), Sponge spicule, 

Lituolidaj, frustules of Dia- 
toms. 


(20*00 %), m. di. 0T5 mm., 
angular ; plagiodase, augite, 
magnetite, hornblende, olivine 
(in some cases altered), lapilli, 
pumice, brown volcanic glass. 


*00] (16*00 
and 


many Sponge spioulcs (60*00 %), 
iolaria. pebbles. 


(29*00 %), a small quantity of 
amorphous matter, floccmont 
organic matter, many fine 
mineral particles, fragments 
of Sponge spicules and 
Diatoms. 


volcanic and other 


(6-00 %), amorphous matter 
and fragments of siliceous 
organisms. 


from 20 to 160 fathoms. In all oases the de]K>sit was 
a Green Mud, with a strong smell of sulphuretted hydro- 
gen, composed principally of mineral particles and the 
skeletons of siliceous organisms. Generally these muds 
did not effervesce with acid ; sometimes a few spots 
were observed. Tho carbonate of lime never appeared 
to make up moro than 1 per cent. Tho largor sized 
mineral particles were found in tho soundings nearest 
the coast, while siliceous organisms seemed to be most 
abundant in tho soundings furthest from tho coast. 
In some cases tho deposit was almost entirely mode up 
of the basal portions of siliceous sponges, fi.gr., Jlosacm 
antardicct. The dredgings along this ooast gave many 
.animals. 

A large number of stones were brought up in tho dredgo. 
These are fragments of rocks or irregular form and 
varying in diameter from 1 to 7 cm - . They are blue- 
blaok and much overgrown by Sponges, Scrpula, 
Polyzoa, Foraminifera, &c, ; some of the pebbles are 
granite, augite-andesite, basalt filled with aolossite. 


(6*00 %), Radiolaria, Sponge 
spicules, and Diatoms. 


(80*00 %), m. di. O'BO mm., 
angular : fragments of brown 
.ana reddish volcanic glass 
often enclosing microliths of 
olivine, plagiodase, augite, 
magnetite. 


(12*42 %), many fine mineral 
particles, a small quantity of 
amorphous matter, fragments 
of Sponge spicules and 
Diatoms. 


spicules 


This deposit is essentially composed of black volcanic 
sand and remains of organisms. The fragments of 
glass are vesicular, and often decomposed. The dredge 
was used three times and brought up many animals. 


Marion Island to Crozet 

Islands — continued. Off Crozet Islands. Off Kerguelen Island. Off Heard Island. 


Termination Land to Melbourne. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 28 and 24, and Diagrams 9 and 10. 



S | 

Date. 

1 

Position. 

A i 

|1 . 

Temperature 
of the Sea- 
water. 
(Fahr.) 

Designation and Physical Characters. 

Carbonate or Calcium. 

. 

fc 




iottom £ 

Surface 


Pot oent. 

floramlnifera. 

Other Organlams. 


152 

1874 
Feb. 11 

0 / n 

60 52 0 s. 

80 20 0 E. 

1260 

0 

0 

84-5 

Diatom Oozb, pale straw- 
coloured when . wet, when dry 
white and presenting the 
appearance of hour, very fine. 

Residue white or pale rose, 
very slightly plastic. 

22-47 

(20*00 %), GlobigerinidfB. 

(1*00 %), Miliolid©, Rotalid©. 

(1*47 %), Gasteropoda, Lamolli- 
branchs (rare). 

In Ticinity of Antarctic Ice. 

163 

.. 1 * 

65 42 0 S. 
79 49 0 E. 

1076 

... 

29*6 

Blue Mud, grey when dry, 
unotuous, sticky, coherent, 
containing many hard particles. 
Residue grey. 

8*60 

(2 J 00%), GlobigerinidfB, a few 
Textularidse, Lagenid©, Rota- 
Lid©. 

(1 *60 %), Gasteropoda, Lnmelli- 
branolis, OstraeodcH, Eclrino- 
derm fragments, Poly zoo. 

154 

„ 19 

64 87 0 S. 
88 49 0 E. 

1800 

... 

82*0 

Blue Mud, grey when dry, 
coherent, sublustrous streak, 
presenting hard particles to the 
touch. 

Residue dark grey. 

1*00 

Globigerinid© and Miliolina. 



165 

„ 28 

64 18 0 a 
94 47 0 E, 

1300 


81-0 

Mud, grey when dry, 
unctuous, coherent, sublustrous 
streak, earthy. 

Residue brown. 

11*84 

(9 ‘00 %), Globigerinid©. 

(1*00 %), Miliolid©, Lagenid©, 
Rotalidce. 

(1*84%), fragmonts of Echini 
spines. 

V 

166 

1 .. 28 

[ 62 26 0 a 

96 44 0 E. 

1975 

... 

83-0 

Diatom Ooze, brown when wet, 
white or dirty white when dry, 
soft to the touch, resembling 
flour. 

Residue yellow-white. 

2-08 

Chiefly Globigcrim , a few Trun- 
catulina. 


0 

iS 

s 

1' 

*167 

Mar. 8 

68 66 0 S. 
108 «5 0 E. 

1950 

82-1 

87 ’2 

Diatom Ooze, straw coloured 
when wet, white when dry, 
very light, extremely fine 
particles, soft to the touch, 
coherent under pressure, and 
resembling flour in many 
respects. 

Residue white. 

19-29 

(10*00 %), Globigerinid©. 

(4*00 %), Miliolid©, Textularidffi, 
Lagenid©, Rotalid©, Num- 
iuminid©. 

(6 ‘29 %), Otoliths and tooth of 
fish, worm tubes, Gasteropoda, 
Lamellibranolis, Ostracodoa, 
fragments of Echini, Polyzoo. 

1 

1 

+ 168 

» ^ 

60 1 OS. 
123 4 0 E. 

1800 

83-6 

46*0 

G-lobioeeifa Oozb, white with 
slight rose tint, granular, pul- 
verulent. 

Residue yellow. 

86-81 

(76*00 %), Globigerinidae, Pul 
vmuiina. 

(2*00 %), Miliolid©, Textularidffi, 
Lagenid©, Kota] id©, Num- 
mulinid©. 

(8*31 %), Scales of fish, worm 
tubes, Ostracode valves, 

Eohinoderm fragments, Cocco- 
liths. 


169 

1, 10 

47 26 0 S. 
180 22 0 E. 

2150 

84*6 

61*6 

GtiObigbrifa Ooze, grey with a 
red tinge, granular, slightly 
coherent. 

Residue brown. 

87*90 

- (75*00 %), Globigerinid©, Pul 
vimwina. 

' (1*00 %), Miliolid©, Textularidffi, 
Rotfuidas, Nummulinid©. 

1 

(11*90%), Oatracode valves, 
Echini spines, Ooccoliths, 
Rhabdolithk 


* See and. 81, 82 ; FI. XY. figs, la, 15 . -f- s e8 PI. XII. fig.. 4 . 



REPOET ON THE DEEP-SEA DEPOSITS. 
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Residue. 

Additional Observations. 

Ter cent. 

SUloeoufi Organisms. 

Minerals. 

Fine Washings. 


77-53 

(60-00 %), Radiolaria, Astrorhi- 
zidro, Lituolidajj numerous 
Diatoms. 

(16-00 %), m. di. 0*10 mm., 
angular ; quartz sometimes 
colourud rod, inonoclinic and 
tricliuic felspars, mica, horn- 
blende, tournmlino, garnet, 
maguetito, zircon, glossy vol- 
canic particles, glauconite. 

(12-63 %), a little amorphous 
matter, a few mineral 
particles, but principally 
fragments of Diatoms. 

The trawl came up fouled, but contained a few animals 
and pebbles, the intter varying in diameter from 5 mm. 
to 1 cm. ; one of the pebbles is a granitite, containing 
quartz, plagioclase, orthoclase, hornblende, black or 
green mica ; another is a fine-grained- chloritic sandstone 
with felspar. The minerals, as well as the rook frag- 
ments obtained at this station, appear to indicate that 
they come from rockB belonging to older formations. 

96-50 

(16*00 %), Radiolaria, Sponge 
spicules, Astrorhizidio, Lituo- 
lidoe, Diatoms. 

(20-00 %), m. di. 0*10 mm., 
angular ; quartz, felspar, 
plfcgioclasc, hornblende, glau- 
conite, garnet. 

(61-60 %), amorphous matter, 
minute fragments of minerals 
and Diatoma 

The dredge brought up many rocks and pebbles* to which 
an Ascidian and an Actinian were attached, and a few 
animals. The quaitz grains are sometimes rounded and 
covered with limonite. Among the pebbles are granitic 
rocks, containing orthoclase, plagioclase, quartz, and 
black mica ; amphibolite with large grains of green 
hornblende and quartz j.metamoiphio quartzite speckled 
with black mica; fine grained: micaceous sandstone 
passing to a schist ; and red sandstone. r 

99-00 

(3-00 %), Radiolaria, Sponge 
spioulos, Diatoms. 

(20*00 %), m. di. 0*10 mm., 
angular; quartz, felspar, horn- 
blende, mica, epidote, garnet, 
glauconite. 

(76-00 %), amorphous matter, 
fine mineral particles and 
Diatom remains. 

Some partioles of minerals attain • a diameter of I or 2 
m. 

8816 

(3*00%), Radiolaria, Sponge 
spicules, Lituolidm, Diatoms. 

(20-00 %), m. dii 0*30 mm., 
angular; quartz, plagioclase, 
hornblende, augito, magne- 
tite, mica, garnet, tourmaline, 
gluuronito, fragments of 

granitic and amphibolic rocks. 

(66-16 %), amorphous matter, 
minute mineral particles, 
fragments of Radiolaria and 
Diatoms. 

The dredge came up without showing any signs of having 
been at the bottom. It had to be hauled in soon, on 
account of a strong wind rising, and the ship being sur- 
rounded by icebergs. Some of the fragments of granitic 
and amphibolic rocks attain a diameter of 2 cm. 

97*02 

(00*00 %), many Radiolaria, a 
few Lituolidm, chiefly Diu- 
toms. 

(10-00%), m. di. 0*20 mm., 
angular nnd rounded ; quartz, 
orthocluso, rarely plagioclase, 
hornblende, mica, magnetite, 
a few small glassy volcanic 
fragments.. 

(27*92 %), essentially composed 
of Diatom fragments, with a 
little amorphous matter and 
a few minute mineral par- 
ticles. 

The trawl brought up a number of animals, rocks, and 
pebbles, Tlio rocks and pebbles include granite, con- 
taining orthoclase, plagioclase, quartz, hornblende, and 
mica ; gneiss composed of quartz, black and white 
mica, and garnet ; chloritic quartzite ; fine-grained inioa- 
ceous sandstone ; slate formed of serioite with micro- 
liths of rutile; trachytio pumice with sanidino and 
augito ; limburgita partially transformed into pola- 
gonite ; and some other ancient and recent volcanio 
rocks all very .much altered.. 

80-71 

(60 *00%), many Radiolaria, some 
Sponge spicules, Astrorhizitlai, 
Litnolidie, principally Dia- 
toms. 

(3-00%), m. di. 0*07 mm., 
angular ; quartz, felspar, 
hornblende, a fow magnetic 
particles, Bmall fragments of 
palagonitc, pumico, much 
altored volcanic rock with 
ophitic structure. 

(27*71 %), composed essentially 
of fragments of Diatoms, &< 
Bmall quantity of amorphous- 
matter and minute mineral 
partioles. 

Only a small quantity of the deposit came up in the 
sounding tube. In the trawl there were several pebblfes 
and one largo piece of rock along with many ammalfip 
One fragment of grey gneiss weighed 20 kilogrammes, 
and some similar fragments had glacial markings ; . there 
was a basaltic fragment 6 cnu.in diameter, and thirty 
pieces of pumice from 1 to 8 cm. in diameter. 

14-69 

(10-00 %), Radiolaria, Astror- 
liizidnj, Lituolidte, chiefly 
Diatoms. 

(1-00%), m. di. 0-07 mm., 
angular ; quartz, felspar, 

pumice, glassy volcanic 

particles. 

(3*69 %), a little amorphous 
matter, with minute mineral 
partioleB and fragments of 
siliceous organisms. 

The trawl brought up pumice stones, pebbly and many 
animals. There were fifteen fragments of pumice, 
generally all rounded, and varying in diameter from 2 to 

6 cm., and also one flattened angular fragment of pala- 
gonite, 8 or 4 cm. in width, and. 1 cm. in thickness. 
Some of the quartz grains are covered with Umonite. 

12-10 

(2-00 %), Radiolaria, Sponge 
spicules, Lituolidce, Diatoms. 

(1-00%), m, di. 0-07 mm., 
angular ; felspar, hornblende, 
magnetite, pumice, red glassy 
- volcanio fragments, manganese 
grains, quartz grains (rare). 

(9'10 %), amorphous matter, 
fine mineral particles, and. 
fragments of siliceous organ- 
isms. 

The trawl was put over, but came up without any of the 
deposit or any bottom-living animals to show that it 
had ever touched the bottom. The presence of Cooeoliths 
and Rhabdoliths in this deposit is worthy of notice, as 
they have been absent in those to the south of lat. 66°. 
The greater abundance of Orbulinas and Pulvinulinas 
in the last two stations should also be remarked. 


(deep-sea deposits ohall. hop. — 1890 .) 


In Yicinity of Antarctic Ice. Termination Land to Melbourne. 


Melbourne to Sydney, Termination Land to Melbourne — continued. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 24, 25, and 26, and Diagrams 10 and 11. 


s| 

11 

Date, 

Position. 

st 

II . 

Temperature 
of the Sea- 
water 
(Pahr.). 

_ 

Designation and Physical Characters. 

Carbonate qp Calcium. 

I® 



1 

bottom 

Surface 


Percent. 

Eoramintfera. 

Other Organisms. 

*180 

1874 
Mar. IS 

• i a 

42 42 0 S. 
184 10 0 E. 

2600 

o 

33*9 

o 

66*0 

Red Olay, when wet chocolate 
coloured, reddish when dry, oo- 
• lierent, breaking up with diffi- 
culty in water. 

Red due reddish. 

18*66 

(12*00 %), Globigerinidte, JPuL 
vinutina. 

(1*00 %), Miliolidee, Textularidro, 
Lagenidm, Rotolicbe, Num- 
mnlinidsB. 

(6 *56 %), Teeth of fish and some 
pieoes *of bone, Brachiopods, 
Ostracodes, Echinoderm frag- 
ments, Polyzoa, a few Cocco- 
litha. 

f 161 

162 

Apr. 1 

.. 2 

38 22 80 S. 
144 38 SO E. 

39 10 30 a. 
148 37 0 E. 

33 

38 


03*6 

68 *2 

] Shelly Sands, mottled yellow 
r and brown. 

l Residues dark and pale 

) brown. 

82*22 

(10*00 %), Miliolidee, Textula- 
ridtB, Lagenidce, Rotalidaa, 
Nummulinidee. 

(72*22 %), Scrpula, Gasteropoda, 
Lamcllibranolis, Ostracodos, 
Echinoderm fragments, 
Polyzoa. 

- 168 

4 

86 57 0 S. 
150 34 0 E. 

2200 

34*6 

72-0 

GLOBi&EitmA Ooze, grey, plaetio, 
green whan dry, coherent, 
Hn© grained. 

Residue dark green. . 

61-77 

(26*00 %), Globigerinidte, Pul- 
vinmina. 

(6*00 %), Miliolidee, Textula- 
ridee, Lagenidse, Rotalidce, 
Nummulinidee, 

(31*77%), Serpnla, Pteropods, 
Ostracodes, Echinoderm frag- 
ments, Alcyonarian spicules, 
Cocooliths, Goccospheros. 

163a 

„ 4 

88 69 0 S. 
150 20 0 X 

150 

••• 

71-0 

, Green Mud (?). 

.» 



* 

... 4 

Port Jaokson. 

2-10 

6-15 

7 


... 

Blue Sandy Muds, with frag- 
ments of shells, in other coses 
a shelly deposit with many 
sandy particles. 

Residues mottled brown. 

42*36 

(1*00 %), Globigerinidte. 

(6 *00 %), Miliolidee, Textularidee, 
Lagenidee, Rotalidee, Nummu- 
limdte. 

(30 *36 %), Serpula , Brachiopods, 
Gasteropods, Lamellibranclis, 
fragments of Eohinodemis, 
calcareous Algse. 

169b 

June 8 

33 61 15 *S. 
151 22 16 X 

35 

63*0 

69-0 

... 



... 

103o 

„ 12 

33 66 0 9. 
151 36 0 E. 

85 

62-2 

67-6 

Hard Ground, shells. 




? 183d 

i 

i _ 

\ 

,, 12 

33 57 SO a. 
151 39 16 E. 

120 

... 

68-0 

Green Sand. 

... 

Globigerinidee, PvZvinuMna, 
Milioudae, Textularidffi, Lagen- 
idee, RotalidtE. 

Gasteropoda, Pteropods, frag- 
ments of Echinoderms. 

> 168 e 

„ 12 

84 0 15 S. 
161 44 15 E. 

200 


70-2 

Green Sand. 


... 

... 

103b 

1 „ 12 

, 34 S 16 a. 

161 51 30 E. 

*50 

40*8 

70-2 

Green Mud, green, coherent, 
granular, earthy. 

Residue dark green. 

47*32 

(35*00 %), Glohigerinid©, VvZ- 
winulina. 

(2*00 %), Miliolidee, Textularidee, 
Lagenidfie, Rotalidee, 

(10*32 %), Otoliths of fish, frag- 
ments of Gasteropods, Lamelli- 
branch shells, Echinoderm 
fragments, Cocooliths, Ooooo- 
spheres, Rhabdoliths. 


* See anal.' 12, 99, 100, 101; PI. II. figs, 8, 3a, 81; PL Till. figs. 10, 11; PL XVI. fig. 2; PI. XVII, fig. 8; PI, XXVIII. figs. 1, 2, 4, 5. 



KEPOET OF THE DEEP-SEA DEPOSITS. 


83 


B-HBIDU iiL 

ADDITIONAi OBSHUVAJEIOKSi 

Per cent. 

Billoeoufl Organisms, 

Minerals. 

Pino Washings. 


81-44 

(1-00 %), a few Radiolaria, 
Astrorbizidffi, Lituolidec, one 
or two Diatoms.. 

(1-00%), m. di. 0*08 mm., 
angular and rounded; felspar, 
quartz, black mica, augito, 
magnetite, pumice, many 
fragments of volcanic glass, 
magnetic spherules, man- 
ganese grains ; there is & 
large number of minute frag- 
ments of quartz covered with 
limonite, apparently wind- 
homo from Australia. 

(79’44 %), amorphous matter, 
minute particles of minerals,, 
fragments of volcanic glass, 

The sounding tube brought up about half a litre of the 
deposit. The trawl came up with the netting much 
torn, but in tbe bag there were a largo quantity of red 
or chocolate clay, many manganese noduleB and animals. 
The nuclei of the nodules are in some oases fragments 
of felspathio basalt, black and opaque; in others they 
are pieces of basalt-glass coated with a palagoniticreddieli 
or yellowish zone of decomposition. The upper layers 
of the deposit from the sounding tube contained appa- 
rently many morB Foraminifera than the lower. The 
clay mixed up with the nodules, most probably came 
from the surface layers on account of the large quantity 
of carbonate of lime as found by the analysis of a sample 
taken from the trawl.. 

17-78 

(8*00 %)’, a few fragments of 
Sponge spicules, casts. 

(6*00%), m. di. 070 mm., 
rounded; quartz, mica, mono- 
clinic and triolinic felspars, 
augite, hornblende, magnetite. 

(078 %), a small quantity of 
amorphous matter, much 
brown flooculent organic 
matter, a few minute mineral 
particles, and fragments of 
Sponge spicules. 

The major part of these deposits is made up of fragments 
of Folyzoa with fewernf the other organisms mentioned, 
the majority, of the fragments being a little more than 

6 mm. in diameter. There were & few greenish casts 
of the carbonate of lime shells. 

38-23 

(1-00 %), Sponge spicules, Rad- 
iolaria/ Lituolidie, Diatoms. 

(6 '00 %), m. di. 072 mm., 
angular and rounded 1 ; quartz, 
felspar, volcanic glass,, horn- 
blende, magnetite. 

(32-23 %), amorphous matter, 
minute fragments of min orals 
and siliceous organisms. 

Only a small quantity of the deposit camo up in the 
sounding tube. 

57-04 

(1-00 %), Lituolidm, a few. Dia- 
toms. 

(60*00%), m. di. 0-80- mm., 
rounded; quartz, felspar, frag- 
ments of mica-schist, horn- 
blende, magnetite, augito, 
olivine. 

(0*64 %), a small quantity of 
amorphous matter, m unite 
mineral fragments and coal 
dust, some flocciiient organic 
matter. 

The carbonate of lime in those- deposits is chiefly com- 
posed of the fragments of Molluscan shells. The mineral 
particles consist chiefly of rounded fragments of quartz 
and particles of felspar. 

... 


... 

... 

A small piece of Bhell was all that oame up in the 
sounding tube*. 


Sponge spicules, glauconitic 
casts of Foraminifera. 

Quartz, felspar, glauconite. 

... 

A small quantity of mud came up on the grease of the 
sounding tube, and gave the organisms mentioned, 
but there was insufficient for analysis. 





A small quantity came up attached to the grease of the 
sounding tube, much the same as- that obtained at the 
last station, but it contained more Foraminifera and 
many more glauconitic casts and glauconite particles 
of a dark green colour. There was insufficient for 
analysis. 

52-68 

(6’00 %), Sponge spicules, one or 
two Radiolaria, pale casts of 
Foraminifera, Astrorhizidee, 
Lituolidee, Diatoms. 

(26-00 %), m. di. 072 mm., 
angular and rounded ; quartz, 
felspar, mica, hornblende, 
magnetite, augite, glauconite. 

(22-08 %), fine mineral particles, 
with fragments of siliceous 
organisms and amorphous 
matter. 

The pelagic Foraminifera are very abundant in this 
deposit, a great many of them being filled with pale 
yellow and green glauconite. Some ortho ForaminOera 
are macroscopic. 


ination Land to Melbourne — continued. Melbourne to Sydney- Off Sydney. 




Sydney to New Zeeland. Off Sydney- 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 20 and 27, and Diagram 11. 


O g 

I” 

Data. 

Position. 

1 

Temperature 
of the Sea- 
waterr 
(Fahr.), 

Designation and Physical Characters, 

Carbonate or Oaioium. 




HE 

Jottom 

SIS 


Per cent 

Fommlnliera. 

Other OrgonlBiuB. 

164 

1874 
June 12 

0/7/ 

84 8 0 S. 
152 0 0 E. 

950 

o 

86*5 

0 

69*5 

Grfen Mud, grey- green when 
wet, coherent, granular, earthy. 
Residue green. 

48*16 

(86*00 %), Globigerinidee, Pub 
vinulina, 

(2*00 %), Miliolidee, Textnlaridee, 
Lagenidea, Rotalidee, Nummu- 
limdffi. 

(11*16 %), Otoliths of fish, frag- 
ments of LamelUbraneli shells, 
OBtracodes, Echinodorra flag- 
men ts, Cocooliths, Cocco- 

spheros, Rhabdoliths. 

164a 

„ 18 

84 9 0 S. 
151 56 0 E. 

1200 

• ■ i 

70*2 

Green Mud, grey-green, granu- 
lar, slightly coherent. 

Residue green. 

46*59 

(86*00 %), Globigerinidee, Pub 
vinulina. 

(2*00 %), MiliolidflOj TextularidiB, 
Lagenidee, Rotalidee, Nummti- 
linida. 

(9*60 %), fragments of Pter- 
opods, Ostracodes, Echini 
spines, Cocooliths, lihabdoliths. 

*164b 

„ 18 

84 13 0 S. 
151 96 OX 

410 


69*0 

Green Mud, green when wet, 
greenish grey when dry, pul- 
verulent. 

Residue green. 

60-81 

(86*00 %), Globigerinidfe, Pub 
vinulina . 

(5*00 %), Miliolidee, Textularidee, 
LageuidiB, Rotalidee, Nummu- 
linidec. 

(10*31 %), Otoliths of fish, 
Scrjmla , 'Dcntalimi, Gastero- 
poda, Lamollibrunchs, Ptor- 
opods, Ostracodes, Ecliino- 
derm fragments, Polyzoa, 
Corals, Coecolitlis, Rhabdo- 
liths. 

106 

.. as 

84 £0 0 S. 
166 26 0 E. 

2800 

34*6 

64*5 

Red Olay, plastic, homogeneous, 
drying into hard lumps, lus- 
trous streak, breaking up with 
difficulty in water. 

Residue rod-brown. 

6-64 

(2*00 %), Globigerinidro, Pub 
vinulina, 

(3*00 %), Miliolina, Lagenidm, 
Rotalidee, Nummulinidee. 

(1*54%), Teeth of fish, Echini 
spines, Coecolitlis. 

+165A 

„ 19 

80 41 0 S. 
158 20 0 E. 

2600 

84 ‘4 

62*5 

Red Olay, homogeneous, plastic, 
drying into lumps, which break 
up with difficulty in water, 
lustrous streak. 

Residue red. 

19*13 

(10*00 %), Glohigexinidse, Pub 
vinulina. 

(3*00 %), Miliolidffi, Lagenidm, 
Rotatidoe. 

(6*13 %), a few small tcctli of 
fish, Ostracodos, Echini 

spines, fragments of Polyzoa, 
Cocooliths, a few Rhabdoliths. 

166b 

i 

„ 51 

37 53 0 S. 
168 18 OB. 

1976 

84*7 

50*5 

Globigkiuna Ooze, white with 
rose tinge, slightly coherent, 
chalky. 

Residue grey- white. 

70*59 

i 

(66*00 %), Globigerinidee, Pub 
vinulina. 

(1*00%), Miliolidee, Textularid®, 
Lagenidee, Rotalidee, Num- 
mulinidffi. 

(10*69 %), Otoliths offish, Echini 
spines, Coecolitlis, Cocco- 
sphores, Rhabdoliths. 

> 165o 

e 

r 

2 

r 

52 

88 86 0 -S. 
166 30 OS 

1100 

86*4 

68*2 

Globigerina Ooze, white, fine 
grained, giving an almost im- 
palpable powder, very slightly 
coherent, chalky. 

Residue red-brown. 

84*89 ! 

1 

(76*00 %), Globigerinidee, Pul - 
vinulina. 

(1*00 %), Miliolidee, Textularidie, 
Lngenidee, Rotalidee, Num- 
mulinidre. 

(8*86 %), Ostracodes, Echini 
spines, Coccoliths, Rhabdoliths. 

? 1100 

h 2B 

88 6o o a 

169 20 OE, 

276 

60*8 

68 *6 

Globigerina Ooze. 

88*46 

! 

Miliolidee, Textularidee, Logenidee, 
Globigerinidee, Rotalidee. 

Fragments of Pteropods, Gastero- 
poda, and Lamellibranchs, 
Ostracodes, Eohinoderm frag- 
ments, Cocooliths, Cocoo- 
spheres, Rhabdoliths. 

160 b 

166 o 

» 28 

24 

39 8 0S. 

170 43 0 E. 
89 21 0 S. 

171 28 OE, 

400 

400 


58*6 

58*0 

^ Globtoehina Oozes, dirty 

1 white, granular, very slightly 
j coherent, soiling the fingers. 

) Residues dirty white. 

82*20 

(60*00 %), Globigerinidee, Pub 
vinulina. 

(6*00 %), Miliolidee, Textularidee, 
Lagenidee, Ro talidee. 

(27*20 %), fragments of Gastero- 
poda and Lamellibranchs, 
Ostracodes, Echini spines, 
Coccoliths, Coccosphores, Rhab- 
doliths. * 




See aaal, 67, 61, 66, 86, 87j PI. XXIV fig. 2; PL XXV. fig. 1. 


t See PL XXVI. fig. 8. 


t See PI. XI. fig. 3. 
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Residue. 

Additional Observations, 

Per oeut. 

Siliceous Organisms. 

Minerals. 

Tine Washings. 


El -85 

» 

(2-00 %), Sponge spicules, one or 
two Radiolaria, pale caBta of 
Foraminifera, Astrorliizidrc. 

(10-00 %), m. di. 0-12 mm., 
angular and rounded ; quartz, 
felspar, hornblende, augite, 
magnetite, volcanic glass, 
glauconite. 

(39*86 %), amorphous matter, 
with minute fragments of 
minerals and siliceous organ- 
isms. 

This deposit is much like that obtained at Station 163 f, ' 
but there is considerably more amorphous clayey matter. 

E8-41 

(2*00 %), Sponge spicules, a 
few Radiolaria, coats of Fora- 
minifera, Astrorhizidro, 

(10-00 %), m. di. 012 mm., 
angular ; quartz, monocliuio 
ana triclime felsjrcrs, augite, 
hornblende, mica, glassy 
volcanic fragments, magnetite, 
epidote, glauoonito. 

(41 *41 %), fine greenish coloured 
amorphous matter, fragments 
of minerals, Radiolaria, and 
Diatoms. 

This deposit, except for the glauconite and other mineral 
particles, might be called a Globigerina Ooze, 

49-89 

(16-00 %), Radiolaria, , many 
casts of Foraminifera and 
other organisms, ABtrorhizidce, 
Lituolidrc, Diatoms. 

(26*00 %), m. di. 0-16 mm., 
angular; quartz, felspar, plag- 
ioolase, glauoonito, horn- 
blende, augito, white or green 
mica, opiuoto, tourmaline, 
glassy volcanic fragments, 
magnetite. 

(9 -69 %), amorphous matter 
and fine mineral particles* 
with a green- brown substance 
often cementing the particles 
together. 

The trawl brought up a quantity of mud, some pumice, 
pebbles, and animals. Six pieces of pumioe are 
rounded, and a rounded fine-grained fragment of sand- 
stone is 2 cm. in diameter. Glauconitic particles ore 
numerous. 

93-46 

(1-00 %), a fow Spongo spicules, 
Radiolaria, Lituolidrc. 

(20*00 %), m.’ di. 010 mm., 
angular ; quartz, felspar, 
hornblende, mica, magnetite, 
glossy volcanic fragments, 
pumice, grains of manganese. 

■(72*46 %), amorphous matter, 
with minute mineral particles 
and some siliceous fragments. 

This deposit contains a great amount of amorphous ' 
matter ; the polagio Foraminifera axe chiefly in a 
fragmentary condition. 

80*87 

(1-00%), Radiolaria, a fow 
Spongo spicules, Lituolidrc. 

(1-00%), m. di. 0-08 inm., 
angular; quartz, felspar, horn- 
blende, mica, glassy volcanic 
fragments, magnotito, man- 
ganese grains, zircon, glau- 
conite. 

(78-87 %), amorphous matter, 
with many minute fragments 
of minerals and some frag- 
ments of siliceous organisms. 

Among the minerals there are many small rounded par- 
ticles of quartz the same as at Station 160, probably 
wind-home. Most of the pelagic Foraminifera are frag- 
mentary, as at Station 165. 

23*41 

(1 *00 %), Radiolaria, Spongo 
spicules, Lituolidrc, Diatoms. 

(1-00%), m. di. 0-06 mm., 
angular; fragments of pumice, 
felspar, magnetite, augite. 

(21*41 %), amorphous matter, 
with minute fragments of 
minerals, Radiolaria, and 
Diatoms. 

This deposit contains a considerable quantity of fine 
amorphous calcareous matter, and relatively little 
clayey matter. Note the increase of carbonate of lime 
with decreasing depth, 

16*11 

(1-00 %), Radiolaria, Lituolidrc, 
one or two imperfect white 
casts of Foraminifera, a fow 
Diatoms. 

(1-00%), m. di. 0-06 mm., 
angular; pumice, augito, fel- 
spar, plagiodnse, green mica, 
magnetite, quartz. 

(1811%), amorphous matter and 
small fragments of minerals 
and siliceous organisms. 

The quartz particles are fow in number, small, rounded, 
and wind-borne. The volcanio mineral particles have 
often a vitreous coating. The small Inpilli are basaltic, 
much altered, and filled with delessite ; some are vesi- 
cular, others quite massive. 

11-65 

Lituolidrc, 

... 

... 

A small quantity of the deposit which came up in the 
sounding tube indicated a Globigerina Ooze, and con- 
tained the organisms mentioned. The trawl brought 
up a small quantity of the deposit, with the finer parts 
■washed away, from which the analysis was made. 

17*80 

(3-00 %), white and palo green 
casts of the Foraminifera, 
Lituolidrc, a fow Radiolaria, 
one or two Diatoms. 

(1-00%), m. di. 012 mm., 
angular ; pumiae, felspar, 
plagioolose, augito, magnotito, 
glauconite, quartz, garnet, 
manganese grains. 

(18 *80%), amorphous matter and 
Bmall fragments of minerals 
and siliceous organisms. 

These deposits are somewhat remarkable for the largo 
number of Cocooliths and Cocoospheres they contain. 
Theavorage diameter of the Ooccoliths is 0*016 inm., 
and that of the Ooccosphores 0*026 mm. We estimate 
that these organisms and their broken parts make up 
from 16 to 20 per cent, of the deposit. The shallow 
depth and relative absence of land debris probably 
account in some measure for the abundance of these 
organisms in this piano. Although the white and pale 
green oasts of Foraminifera are numerous, true glau- 
conitio particles are exceedingly rare. 


Off Sydney — amtinued. Sydney to New Zealand. 






Off Tongatabm Nuw Zealand to Tongatabu. Off New Zealand. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 27 and 28, and Diagrams 11 and 12. 



Temperature 
ot the Sea- 
water 

(Fair.). 


Designation and Physical Characters. 


Carbonate of Calcium, 


Foraminifora. 


Other Organisms. 


1874 

167 June 24 


89 82 0 S. 
171 48 0 E. 


68*6 Blub Mud, coherent, earthy, 20*71 (10*00 %), Globigorinidre, Pul- (6*71 %), Otoliths offish, Lp.ni el- 

homogeneous, finely granular, vinulina. librancha, Os traced es, Echini 


marly, drying into light grey 
lumps with sublustrous streak* | 
Residue blue-green. 


(10*00%), Miliolidm, Textularid©, spines, Ooccoliths, Rhabdoliths, 

Lagenid©, Rotalid©, Num- 
mulinidoo. 


„ 2$ Off D’TTrville 32-52 
Island. 


Blub Muds, sandy, slightly 
coherent, .granular, the sandy 
particles becoming more 
numerous and coarser in the 
shallower depths near to the 
shore. 

Residue green-grey. 


(1 *00 %), Globigerinidcs. 

(4**00 %), Toxtularidro, Lagonidm, 
Rotalid©, Nummulinidre. 


(3*71 %), fragments of Lamolli- 
branch shells, Echini spines, 
Ooccoliths. 


168 July 8 40 28 0 S. 1100 37‘2 67-2 Bum Mud, green-hlue when wet, 1071 (5-00%), Globigorimcta, Pul- (371 %). Otoliths and vertebrm 

tu u *• grey-blue when' dry, fine mnulina. bc/u n-..* 


grey-blue when' dry, fine 
grained, coherent, breaking up 
with difficulty in water, sub- 
lustrous streak* 

Residue blue. 


vinulina. 

(2*00 %), Miliolhlro, Toxtularidm, 
Lagonidro, Rotalid©, Num- 
mulinidu}. 


of fish, worm tuboa, Gastero- 
poda, Laimdlibranohs, Ptoro- 
pods, Eohinodenn fragments. 


10 179 22 0 f 700 40 0 68 2 bine-grey when dry, 4 


„ 14 29 65 0 & 520 43*0 05*0 

178 14 0?. 

" 16 177 BO o4: 600 89-6 88-5 


slightly coherent, fine grained, 
earthy, subluatrous streak. 
Residue blue. 


f Yoioanio Muds. 


172 50 0W. 2900 843 72 0 Cl £ y > plastic when wet, 


-J VTlia.il wou, 

hght brown when dry, earthy 
fracture, breaking up with 
difficulty in water, enblustrous 
streak. 


(1*00 %), Globigorinid©, JPulvinu- 
Una. 

(2*00 %), Miliolid©, Textularidro, 
Lngenidffl, Rotalid©, Num- 
mulinidm* 


(1 *30 %), Otoliths of fish, Gastero- 
poda, Lamcllibranchs, Ptcro- 

S oda, Hoteropods, OBtracorlus, 
chini spinos, Ooccoliths, 
Rhabdoliths (rare). 


22 20 58 0 a 18 

175 9 0W, 


75 0 Coiix, Sand, white with red 
coloured fragments. 

Residue red. 


(5*00%), Globigorinid©, Pul- 
■ vinulina. 

(40*00%), Miliolid©, Textularid©, 

. Lagenidro, Rotalid©, Num- 
mulinid©. 


(45*70 %) Otoliths of fish, 
S 'erpula, Gasteropoda, Lamelli- 
branchs, Ostracodos, Echino- 
derm fragments, Corals, Polyzoa, 
calcareous Alg©. 


* See anal 7i ; pi xTV. fig. 2. 
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Residue. 


nib. 


StliceouB Organisms. 


Minerals. 


Hue Washings. 


Additional Observations. 


(1*00 %), a few Bmall fragments 
of Sponge spicules, Astror- 
kizidro, Lituolidm, a few polo 
and dark green casts. 


(2*00 %), a few fragments of 
Sponge spicules ana Diatoms. 


29 


(1 *00 %), Radiolaria, _ Asti’or- 
hizidm, Li tu olid ee, Diatoms. 


34 


(1*00 %), Radiolaria, Astror- 
liiziilm, Lituolidm, Spongo 
Bpiculos, a few Diatoms. 


00 


30 


(1*00 %), Radiolaria and one or 
two Diatoms. 


(1*00 %), Sponge spicules, 
Astrorhizidm, Lituolidm. 


(2*00 %), m. di. 0*08 mm., 
angular and rounded; felspar, 
quartz, augite, magnetite, 
olivine, mica, many grains of 
glauconite. 


(60*00 %), m. di. 0*15 mm., 
angular and rounded; quartz, 
miea, magnetite, felspar, 
augite, many fragments of 
clastic rocks. 


(2*00%), m. di. 010 mm., 
angular; monocKnio and tri- 
olinio felspars, quartz, augite, 
hornblende, magnetite, oli- 
vine, very many small frag- 
ments of pumice and volcanic 


(25 *00 %), m. di. 010 mm., 
angular, but some rounded ; 
quartz,, felspar, plagioclnse, 
green mica, hornblende, glau- 
conite, pumice, magnetite. 


(5*00 %), m. di. 0*07 mm., 
angular; plagioclase, magne- 
tite, hornblende, quartz, 
pumice, red glassy particles, 
fragments of basaltic rocks, 
manganese grains. 

(3*00%), m. di. 0*50 mm., angu- 
lar ; monoclinic and triclinic 
felspars, augite, hornblende, 
magnetite, pumice, glassy vol- 
canic fragments, lapilli of 
basaltic and trachytic rocks, 
Ted-brown granules. 


(70*29 %), amorphous matter, 
with many minute mineral 
particles. 


(29*29 %), amorphous matter, 
many fine mineral particles, 
and a fow fragments of 
siliceous organisms. 


(86*29 %), amorphous matter, 
.many minute fragments of 
minerals and siliceous organ- 
isms. 


(69*64 %), amorphous matter, 
many minute fragments of 
minerals, a few siliceous frag- 
ments. 


(94-00^). 


amorphous matter, 
small’ fragments of minerals 
and siliceous organisms. 


(6*30 %), a small quantity of 
amorphous matter, associated 
with fiooculent organic matter 
derived from the Foraminifera, 
Algee, &c. 


This deposit contains a great many glauconite grains, 
which are mostly irregular in form* out would appear 
to have been at ono time perfect casts of Foraminifera 
and other organisms. In some cases the transition 
can be traced by microscopic examination. 


A few of the mineral particles measure 1 or 2 mm., and 
several rounded pebbles 2 to 4 cm. in diameter, 


The bag of the trawl was nearly filled with a brownish 
mud, in which were many large lurnpB of stiff blue 
clay, and several pumice stones more or less rounded 
and of the light coloured fibrous variety. The beam 
of the trawl had many lumps of stiff blue day attached 
to it. There was a thin watery rod coloured layer in 
which the calcareous organisms appeared to be more 
abundant than in the stiff blue layers beneath. Many 
of the bottom-living Foraminifera are macroscopic. 
The fragments of pumice and volcanic glasB have some- 
times a diameter of 1 mm M Borne felspar and quartz 
fragments also attain nearly the same Bize. 


The trawl brought up a large quantity of the mud, some 
pumice stones and animals. The surface layor was red 
and not so compact os the stiff blue layer beneath. 
The washings of the mud were chiefly made up of 
arenaceous Foraminifera, many of which were macro- 
scopic. 


Only a small quantity of these deposits was obtained in 
the sounding tube. In the .trawl there were several 
largo pieces of pumice. 


There were several pieces of pumice stone in the clay 
brought up by the sounding tube, one of which was 
1 cm. in diameter. Before the blow-pipe the deposit 
fuses into a grey magnetic bead. No effervescence is 
observed when treated with acids. The fine washings 
are chiefly composed of minute fragments of pumice. 


The dredge brought up a large quantity of the Coral Sand 
with some large fragments of Corals, many Orbitolites, 
shells, &o. The diameter of Borne of thoparticles making 
up the sand exceeded 1 cm. The mineral particles 
are remarkable for the perfection of their crystallo- 
graphic form ; the felspar often has the form of 
rhombic tables. 


Sydney to New Zealand. — continued. Off New Zealand. New Zealand to Tongatabu. Off Tonga tabu. 


Fiji Mauds to New Hebridea Off Fiji Mauds. 


88 


THE YOYAGE OF H.M.S. CHALLENGER, 



See Charts 27, 28, 29, and 80, and Diagrams 12 and 13. 


H 


Position. 

II . 

Temperature 
of the Sea- 
water 
(Fohr.), 

Designation and Physical Characters.. 

Oarbonaeh of Calcium:. 




lottom 

Surface 


Per cent. 

Foramluifera. 

Other Organisms. 

*172a 

1874 
July 22 

O / tt 

20 66 0 S. 
176 11 0 W. 

240 

0 

0 

75-ft 

Coral Sand, yellow-grey* slightly 
coherent when dry, fine graiuedi 
Residue light yellow-brown. 

86*44 

(26*00 %), GlobigerinideB, Pul- 
vimuim,. 

(35 *00 %), Miliolid®, Textularidro, 

(26*44%), Otoliths of fish, Gastero- 
poda, Lamellibranehs, Ptero- 
pods, Echinodorm fragments, 
Polyzoa, Coral frngmouts, Al- 
oyonariun apiculos, calcareous 
Algffi, a few Coccolithsi 

178 

178a. 

„ 24 

24 

10 9 85 Si 
179 41 50 E. 
19 9 82 S. 
179 41 66 Ei 

815 

810 

« • * 

78-0 

77 ’O- 

j-OoRAL Muds. 



... 


„ 29 

Off Levuika. 

12 



Gohal Sand, coarse, chiefly com- 
posed of large white and yellow 
(kbitolites and other Eoramini- 
fera. 

Residue yellow-brown*. 

90*30 

(50*00.%), MUiolid®, Textularidee, 
Nummulinidep, 

(40*80 %), Scrpula, Gasteropoda, 
Lamellibranehs, Pteropods, Os- 
tracodes, carapace and other 
parts of Cnistacoans, fragments 
of Echinodorms, Aloyonarian 
spicules, Polyzoa, Corals, cal- 
careous Algm. 

174 

174a 

Aug. 8 

,, 8 

19 6 0 S. 
178 14 20 JL 

19 6 82 S. 
178 Id 20 E. 

140 

160 


77-0 

77 ’0 

Coral Mud, cream- white with 
rose tinge, slightly coherent, 
fine grained, presenting no 
macroscopio elements. 

Residue yellow-brown. 

Con An Mud. 

86*41 

(26 *00 %), Globigerinidue, Pul- 
vinuUna. 

(35*00. %), MiliolidE,.Toxtularid©, 
Lagenidea. 

(20*41 %), Otoliths of fish, Gastero- 
poda, Lamellibranehs, Ptero- 
pods, Ostracodos, Echinodorm 
fragments, Polyzoa, Coral frag- 
ments, calcaroous Algtn, a few 
• Coccoliths. 

174b 

„ » 

19 6 46 S. 
178 17 0 E. 

255- 


77*7 

Coral Mud, oreain -white with 
rose tinge, Blightly coherent, 
fine grained, presenting no 
macroscopic elements. 

Residue yellow-brown. 

86-81 

(25*00 %), Globigerinidsi, Pul- 
vinuUna. 

(35*00%), Miliolidee, Textularid®, 
Lagenidoe. 

(26*31 %), Otoliths of fish, Gastero- 
poda, Lamellibramths, Pturo- 
pods, Ostmoodes, Echinodorm 
fragments, Polyzoa, Ooral frag- 
ments, calcareous Algm, a few 
Ooccoliths. 

+174o 

.. 8 

19 7 60 S. 
178 19 86 E. 

610 

89 -a 

78'0 

Globigbrina Oozb, with rosy 
tinge, fine grained, plastic 
when wet, pulverulent when 
dry. 

Residue light brown. 

79-66 

(40 *00 %), Globigerinidm, Pul- 
vinulina. 

(10*00%), MiMolid®, Textularidro. 

(29 *06 %), Otoliths of fish, Gastero- 
poda, Lumellihranohs, Ptoro- 
pods, Heteropods, Echini 
spines, fragments of Corals, 
Coccoliths, Rhabdolitha. 

174b 

„ 8 

19 6 60 S. 
178 16 20, E. 

210 


77-7 

_Coral Mud, cream coloured, 
slightly coherent, fine grained. 
Residue brown. 

86-97 

(10*00%) Globigerinidse, Pul- 
vinulinct. 

(40*00%),Miliolid©, Textularid©, 
Lngenidce, Rotalidee, Nummu- 
linidce. 

(30*97 %), OtolitliB of fish, Sar- 
pula, Gasteropoda, LnTnelli- 
hranchs, Pteropods, Hotero- 
pods, Ostracodes, Echinodorm 
flagmen ts, Polyzoa, Coral frag- 
ments, Alcyonarian spicules, 
calcareous Alg®, Coccoliths. 

+176 

„ 12 

19 2 0 S. 
177 10 0 E. 

1350 

86*0 

77-6 

Globigbrina Ooze, with much 
clayey matter, red when wet, 
red-brown when dry, coherent, 
earthy. 

Residue chocolate coloured. 

44-43 

(36*00 %), Glohigerinidffi, PuZ- 
vinulina. 

(2*00 %), Miliolideo, Textularidee, 
Lagenidae, Ro tallies, Hummu- 
linidee. 

(7*43 %), Otoliths and small teeth 
of fish, Ostraoode shells, Echini 
spues, Coccoliths, Rhabdo- 
liths. It is remarkable that no 
ehells of Pteropods, Hetero- 
pods, or other pelagic Molluscs, 
axe found in this deposit, 
although they were apparently 
more abundant than theGlobi- 
gerinidffi in the surface water. 


♦ See PL XIV. fig. 1. + See PL XIV. figs, 8a, 86. $ See Pl. XIV. figs. 4a, 46. 
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Residue. 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

Pine Washings. 


13-50 

(2*00 %), Sponge spicules, Litu- 
olidee. 

(3*00%), m. di. 0'40 mm., 
angular ; felspar, plagioclaso, 
augite, magnetite, fragments 
of brown and black volcanic 
glass. 

(8*50 %), a small quantity of 
fine amorphous matter and 
minutB fragments of minerals 
and siliceous organisms. 

Here also the mineral partioles are Tomarkable for the 
perfection of their crystallographic form. 

... 

••• 

... 

... 

There was insufficient for subsequent examination. > 

9-70 

(1-00 %), Sponge spicules, Litu- 
olidi. 

(3-00 %), m. di, 0*60 mm,, an- 
gular ; felspar, plagioclaso, 
augite, magnetite, fragments 
of voloanic rocks. 

(5*70 %), amorphous clayey and 
* other matter (organic), minute 
mineral particles, and some 
fine siliceous remains. 

i 

ThiB deposit is composed of very large shells of OrUtclitcs 
eompUmUa t with fragments of Molluscs, Corals, &o. 

13*59 

(2*00 %), Sponge Bpictdes, Litu- 
oliase. 

(1*00 %), m. di 0-06 mm., an- 
gular ; fragments of altered 
volcanic gloss, felspar, horn- 
blende, augite, magnetite, 
black mica. 

(10*59 %), small quantity of amor- 
phous matter, with a consider- 
able number of fragments of 
siliceous organisms. 

The Sponge spioules are derived chiefly from the genus 
Cfcoaia, 

• 1 

... 


... 

... 

Tilde was insufficient for examination. 

V 

13-69 

(2*00 %), Sponge spiculos, Litu- 
olidce. 

(1*00 %), m. di 0*06 mm., an- 
gular ; fragments of altered 
volcanic glass, pumioo, plagio- 
j close, olivine, homblon do, black 

mien, augite, magnetite. 

(10*09 %), amorphous matter, 
with a few mineral fragments 
and remains of silioeous or- 
ganisms. 

... 

20*36 

(3*00%), Sponge spiculos, Radio- 
laria, Aatrorliizidffi, Lituo- 
lid®, brown casts. 

(2*00 %), m. di. 0*08 mm., an- 
gular ; hornblende, felspar, 
magnetite, black mica, wliito 
anu black glassy volcanic 
particles. 

(15*35 %), amorphous matter, 
minute mineral particles, and 
small fragments of siliceous 
organisms. 

A few imperfect brown coloured oasts of somo of the cal- 
careous organisms were observed. There are large 
pieces of pumice prosont in the deposit. The percent- 
age of particles from the reefs is much less than in the 
other soundings nearer the reefs. 

13*03 

(2*00%), Sponge spicules, Ab- 
trorhizidfio, Lituoflilaj. 

(1-00 %), m. di. 0‘08 mm., an- 
gular ; felspar, plagioclaso, 
hornblende, magnetite, \ pu- 
mice. 

(10*08 %), flocoulent amorphous 
matter, minute fragments of 
minerals and siliceous spiculos. 

In the dredge there were several pieces of grey pumice 
Btone overgrown with Oarpontena and Sorpida. One 
of these pieces of pumice was os large as a hen’s egg. 

55-57 

(1*00%), Radioloria, Astror- 
hizidre, Lituolidse, Diatoms. 

(1-00 %), m. di. 0-10 mm., an- 
gular ; felspar, plagioolase, 
black mica, augite, hornblende, 
magnetite, many fragments of 
pumice, glassy volcanic par- 
ticles, lapilli of basaltio rooks, 
manganese. 

(63-57 %), amorphous matter, 
with small fragments of mine- 
rals and siliceous organisms. 

The trawl brought up a branch of a tree which was in 
parts carbonised, also many fragments of pumice and 
some animals ; most of the animals wore found on the 
piece of wood. The felspar and augite have sometimes 
vitreous inclusions and are covered with glassy scori- 
aceous matter. The pumice Btones are all more or less . 
rounded and vary much in size, the largest being 0 to 

8 cm. in diameter, and are all covered with a layer of 
hydroxides of iron and manganese which penetrate 
them more or less deeply. The pumice is to be re- 
ferred to augite-andesite ; it contains plagiodase and 
augite. 


(DEEP-SEA DEPOSITS CHALL. EXP, — 1890 .) 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Chart 27, and Diagram 13. 



Temperature 
of the Sea- 
water 
(Fahr.), 

Designation and Physical Characters. 

Carbonates op Calcium. 

Bottom £ 

Surface 


Per cent. 

Foramtnlfera. 

Other Organisms. 


*176 Aug. 16 18 30 OS. 1460 80*2 77*6 Globigbrista Ooze, reddiah when 62*41 (66*00 %), Globigerinidte, Pul- (6*41%), Otolitha of fish, Ostra- 


178 62 0 E. 


wet, red-brown when dry, 
slightly coherent, breaking up 
in water. 

Residue chocolate coloured. 


vinulina. code valyea, Echini spines, 

(l'OO %), Miliolid®, TextularidBB, Ooocolitha, Bhabdoliths. 

Lagenidce, Rotalidee. 


18 16 45 0 S. 130 

108 7 0 E. 


78*7 Volcanic Sand, with oonore- 13*14 (2*00%), Globigerinidee, Pul - (8*14%), S<yryida } Gasteropoda, 

tionaTy masses of a dark brown vmiaina. Pteropods, Bctianus , Echino- 


colour, coherent, gritty. 
Residue brown, with red tinge, 


(3 ‘00 %), Miliolidee, Textularidre, derm fragments, Polyzoa, 
Lagenidee, Rotalidee, Nummu- Corals, Alcyonarion spicules, 
linidee. 


16 47 0 S. 2650 36*8 79*0 Red Clay, chocolate coloured 

165 20 0 E. when wet, yellow-brown when 

* dry, coherent, breaking up in 

water, fusing easily before the 
blowpipe, subluetrous streak. 


21 -ill *?0 2 S' 2825 86 '° 70, ° Globigbrina Ooze, pale yellow- 82*29 (27*00 %), Globigerinidee, Pul- (4*29 %), small teeth of fish, Ecli- 

180 48 0 E. brown, slightly coherent, homo- vinulma. ini spines, Coccoliths, Rhab- 

geneous, fine grained. (1 *00 %), Biloculina, Rotalidee. doliths. 

Residue red-brown. 


180 „ 24 14 7 OS. 2450 86*0 80*0 Red Olay, grey-brown, plastic, [1*00] Fragments of Globigerinid© and 

158 48 0 E. homogeneous, fine grained. Rotalidee. 

Residue red-brown. 


18 60 0 S. 
161 49 0 E. 


Red Olay (top la/yer ), light red- 
grey when dry, coherent, fine 
grained, lustrous streak, plastic, 
unctuous, brown when wet. 

Residue brown. 

(Bottom layer), light red-grey, 
somewhat coherent, breaking 
up readily in water, brown (but 
lighter shade than the upper) 
when wet. 

Residue brown. 


Mostly broken fragments of Globi- 
gerinidee, one or two Trwnmtu- 
lina pygmma. 

(28*00 %), Globigerinidee, Pulvirua- 
Una , very many more perfect 
shells than in the upper layer ; 
one or two Lag&na orbignyana. 


(^■28 %), 

doliths. 


Coccoliths, 


148 87 of ^ 86 ’ 8 78 ‘ 6 G Titf 4B ' B0 ( 40 ‘P°P- Slobigerinida, Pul- (7-00%), Pteroppd fragments, 

48 8/ U **• dialky sligMy coherent, fine vinulma. Ostracodes, Echini mines 

grained, breaking up readily in (2-00%), Bolimna dilalaia, Alcyonarion spicules Oocco’ 

Nummnlinidse. liths, Bhabdoliths ’ 


* See anal. 44, 50 ; PI. XI. fig. 1 ; PI. XXI?. fig, 4. 


+ See PI. XXVII. fig. 2. 





' REPORT ON THE DEEP-SEA DEPOSITS. 


Additional Observations. 


Siliceous Organisms. 


Pine Washings. 


(10*00 %), a few Radiolaria, 
principally red coloured casta 
of pelagio Foraminifera, Litu- 
olid.ee, a few Diatoms. 


(10*00%), m. di. 0*10 mm., 
angular ; felspar, angite, 
olivine, many fragments of 
pumice, lapilli, volcanic glass 
transformed into palogonite, 
manganese grains. 


(17*69 %), minute pumice and 
other mineral fragments, 
amorphous matter, and re- 
mains of siliceous organisms. 


The Foraminifera of this sounding are worthy of notice, 
as while some of them are quite white and rose 
coloured, others are deep brown or black and have in 
some cases a deposit of manganese on their surfaces. 
Very many of them are filled and covered with a red 
siliceous matter, which remains as external and in- 
ternal casts on removal of the carbonate of lime. On 
breaking one of these Bhells three distinct zones are 
observed : internal oast, Bhell, and external cast. 


(3*00 %), Sponge spicules, a few 
glauconi tic-lake oasts of calca- 
reous organisms. 


(66 ’00 %), m. di. 0*30 mm., an- 
gular ; black vesicular glassy 


fragments, pumice, plagio- 
dase, augite, magnetite, more 
or less altered lapilli. 


(18*86%), amorphous ferrugin- 
ous matter, very many mineral 
particles, and a few fragments 
of siliceous spicules. 


Amongst the mineral particles are fragments of rocks 
and pumice from 0*6 to 1 cm. in diameter. Of the 
mineral particles many are often surrounded with 
volcanic glass. Casts of some of the organisms in a 
green matter remain after treatment with acid. The 
concretions are overgrown with Corals, Rerpula, ] 
Polyzoa, and Carpenterna. 


(6*00 %), Radiolaria, Sponge 
spicules, a few Ammodiscnw 
inc&rtus , Diatoms. 


(20*00 %), m. di. 0*06 mm., an- 
gular ; felspar, plagiodase, 
augite, hornblende, pumice, 
small particles of manganese. 


(76*00 %), amorphous matter, 
with many minute partiolea 
of pumice and other minerals, 
fragments of Diatoms and 
Sponge spicules. 


This deposit does not show any sensible effervescenoe with 
adds and no carbonate of lime organisms have been 
observed. There are many fragments of pumice, some 
of which are dark coloured. It would appear that this 
deposit has its origin chiefly from volcanic debris. 


(2*00 %), Radiolaria and Sponge 


(6*00 %), m. di. 0*06 mm., 
angular ; plagiodase, augite, 
magnetite, pumice, brown 
glassy vesicular lapilli. 


(60*71 %), much amorphous The larger Foraminifera aie much broken and decom- 
matter, many minute mineral posed. Many small fragments of pumice, much de- 

particles, pumice debris, and composed, were observed among the minerals, 

fragments of siliceous organ- 
isms. 


(1*00 %), Sponge spicules, frag- 
ments of Radiolaria, Haplo- 
phragmixm, a few Diatoms. 


(2*00 %), m. di. 0*06 mm., 
angular; felspar, plagiodase, 
augite, hornblende, pumice, 
volcanic glass, magnetite. 


96*00 %), amorphous matter, 
minute mineral partideB, and 
fine fragments of siliceous 
spicules. 


TnmcatvMna pygm&a is the only perfect representative 
of the bottom-living calcareous Foraminifera observed; 
the pelagio Foraminifera are nearly all fragmentary. 
At the bottom part of the sounding tube there appeared 
to be a stratification, evidenced by very thin dark and 
light coloured layers. 


(1*00 %), a few fragments of (1*00 %), m. di. 0*07 mm., 
Sponge spicules, Lituolid®, angular; felspar, volcanic 
casts of Foraminifera. glass, manganese groins. 


(1*00 %), fragments of Sponge 
spicules, a few casts. 


(1*00%), m. di. 0*06 mm., 
angular; felspar, plagiodase, 
augite, magnetite, palagonite, 
glassy volcanic particles, man- 
ganese grains. 


(91*68 %), much amorphous 
matter, mineral and siliceous 
remains. 


(66*72 %), much brown amor- 
phous matter and fine mineral 
particles. 


The sounding tube was full of mud in two layers, the 
upper layer, about three inches deep, being a Red Olay 
very like that obtained at the last station. Very little 
effervescence was noticed on treating a portion with 
acid. 

Separated from the upper layer by a distinct line was 
a lighter coloured deposit which effervesced readily 
with acids, leaving a residue similar to the upper 
layer. The minerals are the same in each layer. 
Coccoliths and Rhabdoliths are present, but ouly a few 
are perfect The Globigerimdee are chiefly frag- 
mentary. A piece of pumice about 8 mm. in diameter 
was observed. In the trawl were many pieces of 
pumice from the size of & pea to that of a hems egg. 


(2*00 %), Sponge spicules, a few (2*00 %), m. di. 0*07 mm., 
Radiolaria, Rhabdammina, angular; felspar, plagiodase, 

JEfaplophragmium. quartz, augite, magnetite. 


(46 TO %), amorphous matter, 
fine mineral particles, and 
minute siliceous remains. 


Very little of the deposit was obtained, and considerable 
washing may have taken place in the sounding tube. 
A relatively large number of calcareous spicules of 
Alcyonaria are present The pelagic Foraminifera are 
nearly all fragmentary. 


Fiji Islands to 

New Hebrides — continued. New Hebrides to Raine Island. 



Off Baine Island. Key Mmdes to Baine Idaud -coMmed. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 27 and SI, and Diagram 19. 


%-i 

If 

1* 

Date, 

Position. 

II 

remperature 
of the Sea- 
water 
(Pah i.). 

Designation and Physical Characters. 

Carbonate of Oaloitjh. 



B 

ottom S 

nrfaoe 

I 

’or cent. 

Poramlnifera. 

Other Organisms. 

' 183 

1874 
Aug. 28 

o t ft 

12 42 0 B. 
148 46 OS. 

1700 

o 

80-0 

D 

78‘0 

Globigebina Ooze, cream- 
coloured with rose tinge, 
slightly coherent, fine grained, 
breaking up readily in water. 

Residue red-brown. 

68-76 

(60*00 %), Globigerinidffi, Pul - 
vinidina. 

(1*00 %), JSttoculmcLj Textularidce, 
Lagenidaj, Rotalidce. 

(2*76 %), Ostracodes, Echini 
spines, a few Coccoliths and 
Rhabdoliths. 

*184 

„ 29 

12 8 OS. 
146 10 0 E. 

1400 

86-0 

77*6 

Globigebina Ooze, yellowish 
when dry, coherent, breaking 
up readily in water. 

Residue reddish. 

62*64 

(40*00 %), Globigerimdre, Pid- 
nmulina. 

(2*00 %), Miliolidee, Textu- 
laridse, Lagenidee, Rotalidse. 

(10*64 %), Scrpula, fragments of 
Lamellibranclis, Brachiopods, 
Oirripeds, Echini spines, 
Coccoliths, Rhabdoliths. 

' 185 

185a 

+185b 

* 

„ 31 

„ 31 

„ 31 

11 36 25 S. 
144 2 0 E. 
11 86 20 S. 
144 1 60 E. 

4 11 38 16 S. 
148 59 88 E. 

185 

160 

165 

... 

77-0 

77 0 

77'0 

Coral Sandb, composed of white 
and brownish fragments of 
calcareous organisms. 

Residue yellow-red. 

80*97 

(40*00 %), Globigerinid©, Pul - 
vinulina. 

(16*00 %), Miliolidee, Textn- 
laridee, Lagenidee, Rotalidee, 
RummuliniaeB. 

(31*97 %), Otoliths of fish, Bar- 
vulay Gasteropods, Lamel- 
libranchs, Pteropods, Iietero- 
pods, Ostracodes, Echinodorm 
fragments, Polyzoa, oalcaroous 
AlgBB. 

1 

) 

V. 


Beach, Raine 
Island. 


... 


Coral Sand, yellow-white. 

Residue a few dark mineral 
particles and some red 
amorphous material. 

89*14 

(36*00 %), Miliolidee, Rotalid©, 
Rumirmlinidce. 

(64*14 %), Serpula, Gasteropods, 
Lamellibranchs, Ostracodes, 
Echinoderm fragments, Alcyo- 
narian spicules, Polyzoa, Corals, 
calcareous Algae, 

r 

l 

s 

1 

Sept. 7 

TorreB Strait. 

3-11 


> 

Deposit composed of coarse sand, 
shellB, and gravel. 

Residue white, red, and 
black particles. 

62-16 

(16*00%), Miliolidee, Textnlarid©, 
Rotalid©, Nummulinidae. 

(47*15 %), J3erpula t Dcntalvmri^ 
Gasteropoda, Lamellibranchs, 
Ostracodes, Balanus, Echino- 
derm fragments, Alcyonorian 
spicules, Polyzoa, Corals, cal- 
careous Algce, calcareous con- 
cretions. 

2 

i ua 
! 

s 

1 10 30 0 S. 

142 18 0 E. 

8 

... 

77-2 

Deposit composed of coarse sand, 
shells, and gravel 

Residue yellow-brown. 

69'66 

(20*00 %), Miliolidee, Textula- 
ridee, Rotalidce, Hummulinid©. 

(39*66 %), Serpula , Dentalitm f 
Gasteropoda, Lamellibranchs, 
Ostracodes, Bala/nvA, Echino- 
derm fragments, Alcyonarian 
spicules, Corals, Polyzoa, cal- 
careous Algee. 


Sea anal. 79. 


+ See anal 88; PI. XXXV, fig. 3. 
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Fine Washings. 


Additional Observations. 


(42*25 ^), a considerable 
quantity of fine clayey and 
other mutter, coloured red by 
iron, minute mineral par doles, 
and remains of siliceous organ- 
isms. 


There was a large quantity of this deposit, of a uniform 
character throughout, in the sounding tube. Tlio Fora- 
minifera are large and very perfect and include a few 
Tcxbularta and Jtotalia , as well as Jhtivinulina fauna. 
All the pelagic forms are typical of a tropical Globi- 
gerina Ooze. The volcanic glass in Borne cases has been 
highly altered. 


(43*30 %), amorphous matter, 
with many small fragments 
of minerals and siliceous 
organisms. 


In the trawl thoro wore many pumice stones, several 
cocoa-nuts, and other fruitB. To these woro attached 
Hydroids, Brachiopods, Annelids, and Cirripeds. Some 
of the largest pumice stones have a diameter of about 
5 cm., all more or less rounded, some porous, 
some homogeneous, some filamentous, some b coriaceous; 
others have a greenish tinge, with a thin coating of 
manganese, and are rather hard, but not so muoh 
altered as those at Station 17B. 


(3*03 %), flocoulont amorphous 
matter, some fine mineral 
particles. 


This deposit contains very many casts of Foraminifora 
which are noarly all of a brick-red colour although a 
few have a greenish tinge; thoro was, however, no 
typical glauconite observed. Many of the orgauiHms 
are macroscopic. The nnmber of pelagic forms varies 
groatly in different Bamples, 


(3*80%), a Bmall quantity of floo- 
oulent organic matter and fine 
mineral particles. 


This deposit is mode up for the moBt port of Corals, frag- 
ments of Lamellibranelis and Gasteropoda, Orbitolites, 
Amphiategina , . Jlcterostcgina , and ItotalicL The grains 
making up the “Bond" measure from 1 to 10 mm. 
in diameter. 


(6*85 %), flocculent amorphous A large percentage of the carbonate of lime comes from 
matter, and fine mineral par- | fragments of calcareous rocks and conorotions. Those 
tides. 


fragments of calcareous rocks and conorotions. These 
fragments average in dianioter about 1 cm. In addition 
there aro a few conglomerated masses about 1 om. in 
diameter, and quartz and other mineral particles 
cemented together by a reddish material. *Worm tubes 
composed of grains of quartz are also present, and shell 
fragments cemented together. 


(10*34 %), amorphous ferrugin- 
ous matter, fine minerals, and 
siliceous remains. 


The sandy and calcareous concretions of the bottom 
measure from one to many centimetres in diameter, 
and on treatment with acid leave a considerable quan- 
tity of yellow-rod residue, chiefly made up of casts of 
organisms. A second dredging, obtained near the first, 
was found to bo finer but otherwise similar. Nearly all 
the organisms aro impregnated with red oxide of iron, 
giving a decided colour to the deposit. 


New Hebrides to Raise Island — eavtiwved. Off Raine Island. Cape York to Arrou Islands. 


Arrou Maude to Banda. ^ York to ArronMande. 
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THE VOYAGE 0? H.M.S. CHALLENGER. 


See Charts SI and 82, and Diagram. 14. 


!i 

g® 

Date* 

■Position. 

n 

A 

’emperatore 
of the Sea- 
T^ater. 

(ffnhT ) Designation and Physloal Characters. 

Carbonate op Gakxcuh. 



B( 

jttom Sb 

Lrfaoe ] 

*61 cent 

Foramintfera. 

Other Organisms. 

1 

187 

1874 

Sept 9 

o f H 

10 36 0 S. 

141 56 OR 

6-8 

o 

o 

777 Deposit composed of sand and 
shells. 

Residue green-brown. 

77*90 

(45-00 %), Miliolidffi, . Trctular- 
idffi, Botalidftj Numinulinid®. 

(82*90 %). Serpula, Gasteropods, 
Lamellibranchs, Pteropod frag- 
ments, Eckinoderm fragment, 
Polyzoa, calcareous Algae. 

188 

„ 10 

9 59 OS. 
189 42 0 E. 

26-80 

... 

78 ‘6 Deposit composed of sand and 
shells, green-grey. 

Residue pale grey. 

88-70 

(16*00%), Miliolid®, Textular- 
idse, Lagenid®, Rotalida. 

(28*70 %), Serpula, Gasteropoda, 
Lamellibranchs, Ostracodes, 
fragments of Eckinoderms, 
Alcyonarian spicules, Polyzoa, 
one or two Ooccoliths. 

*189 


9 86 OS. 
137 60 0 R 

28 


79-0 

Green Mud, pale green-grey, 
gritty, coherent when dry, 
containing shell fragments and 
calcareous concretions. 

Residue green-grey. 

81*13 

(10*00 %), Miliolidee, Tex talar- 
id®, Rotalidffl, Nummulinidae. 

(21*13 %), Otoliths of fish, flier- 
pula \ Gasteropoda, Lamolli- 
hranchs, Ostracodos, Ecliiuo- 
derm fragments, Polyzoa. 

100 

„ 12 

8 66 OS. 
186 6 0 E. 

49 


79-2 

Green Mud, green-grey, co- 
herent, breaking up with diffi- 
culty in water, containing 
large fragments of Lamelli- 
branchs and large calcareous 
concretionary nodules, 

Residue green. 

28*04 

(1*00 %), Olobigerim rubra. 

(8*00 %), Miliolidee, Lagenidee, 
Textularidee, Rotalidse, Num- 
mulinid®. 

(19*04 %\ Serpula , Gasteropoda, 
Lamellibranchs, Ostracodos, 
valves of Balanus, Ecliinoderm 
fragments, Polyzoa, Corals. 

k. 

( 

„ ie 

Arafura Sea. 

65 

... 


Green Mud, green-grey, slightly 
coherent, breaking up in water. 
Residue dark green. 

■ ’ 1 

41-00 

(10*00 %), Globigerinidee, PuZ- 
vinulina. 

(10*00 %), MiliolidfE, Lagenidee, 
Textularidee, Rotalidee, Num- 
mulinidee. 

(21 -Q0 %)j Serpula, Gasteropoda, 
Lamellibranohs, Pteropods, 

, Ostracodes, Echini Bpines, 
Alcyonarian spicules, Polyzoa. 

191 

,, 23 

6 41 OS. 
184 4 80 R 

800 

89-6 

82-2 

Green Mud, very plastio when 
wet, soft to the touch, coherent 
when dry. 

Residue green with brown 
tinge. 

18*96 

(8*00 %), Globigerinidee, Pulvinu- 
lim . 

(2*00 %), Miliolidee, Textularidee, 
Lagenid®, Rotalidae. 

(8-96 %), Gasteropoda, Lamelli- 
branchs, Ostracodos, Eohino- 
derm fragments, calcareous 
Algee. 

191a 

„ 24 

6 26 OS. 
138 19 0 E. 

680 

40'7 

81 '6 

Green Mud, dark grey with 
green tinge, coherent when 
dry, plastic when wet. 

Residue dark green. 

40*20 

(80*00 %), Globigerinidee, Pul- 
mnuliwa. 

(8 “00 %), Miliolidae, Textularidee, 
Lagenidee, Rotalidae, Ntmunu- 
linid©. 

(7-20 %), Otoliths of fish, Ptero- 
pods, Ostracodes, Echini 
spines, one or two Ooccoliths. 

192 

L 

,, 28 

6 49 15 S. 
182 14 15 R 

140 

... 

82*0 

Blue Mud, green-grey when dry, 
plastic, coherent, breaking up 
with difficulty in water, lustrouf 
streak. 

Residue dark green. 

8*80 

i 

i 

(4*00 %), Globigerinidae, Pul- 
mmlvmt . 

(2*00 %), MiliolidaB, Textularidae, 
Lagenidee, Rotalid®, Num- 
mulinidae. 

(2*80 %), Otoliths of fish, Gas- 
teropoda, Lamellibranchs, 

Pteropods, JSeteropods, Ostra- 
codes, Ecliinoderm fragments, 
Alcyonarian spicules. 


* See PI. XX V il. fig, 6, 
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Residue. 

ADDmoHAii Observations. 

Per oent 

Siliceous Organisms. 

Minerals. 

Sine Washings. 


22*10 

(2*00 %), Sponge spicules, Litu- 
olidffl, Textiuaridoe, glauconi- ' 
tio oasts, Diatoms. 

(16*00 %), m. di. 0*60 mm., 
angular and rounded; quartz 
often covered with limonito, 
tourmaline, felspar, glauconite. 

(6*10 %), flooculent amorphous 
matter, fine mineral partioles, 
fragments of Diatoms. 

Two dredgings were taken, one in 0 and another in 8 
fathoms. The characters were similar in both oases, 
and also similar to the deposits taken on the 
previous day. There is less red coloured material than 
at the previous station, hut on the other hand the 
glauconite is more abundant. The red material of 
those and the preceding stations, on treatment with 
aoidj breaks up readily, only a few of the organisms 
retaining their characteristic outlines. Calcareous con- 
cretionary nodules were also observed. Quartz is the 
chief mineral. 

01*30 

(3*00 %), Sponge spicules, Litu- 
olidre, casts of Foraminifera, 
Diatoms. 

(46*00 %), m. di. 0*20 mm., 
rounded ; quartz, glauconite, 
felspar, hornblendo, fragments 
of rooks. 

(13*30%), ferruginous amor- 
phous matter and small frag- 
ments of minerals. 

One or two ensts of the Foraminifera of a, yellow colour 
remained after treatment with acid. Calcareous con- 
cretionary nodules about 8 cm. in diameter were 
observed here as in the preceding deposits. 

08*87 

(3*00 %), glauconitic casts, Tcx- 
tulnridoe, Sponge spicules, a 
few Diatoms. 

(26*00 %), m. di. 0*20 mm., 
rounded ,* quartz, glauconite, 
green mica, tourmaline, zir- 
con. 

(40*87 %), amorphous green- 
grey and othor matter, fine 
mineral particles, and a few 
siliceous remains. 

In this deposit there were calcareous nodules as at Stations 
186 ana 187, but much smaller in size and in some 
cases dark in colour, due to the impregnation with 
blaok oxido of manganese. The glauconite is more 
abundant than in the four preceding stations. 

76*90 

(2*00 %), Sponge spicules, Hy- 
perammma, a few casts. 

(60*00 %), m. di. 0*10 mm., 
angular ; quartz, glauconite, 
large fragments of felspar. 

(24*00 %), fmo mineral particles, 
floceulont green amorphous 
matter. 

The calcareous nodules in this deposit are about 0 inches 
long in somo casos, and are covered with Serpula, 
Corals, Poly zoo, Polytrcma Oai'pentei'ia, and Hypcram- 
mina. After acid there remained a greenish red residue 
of imporfeot casts of organisms, minerals, &c. There 
is much amorphous matter in this deposit, somo of 
which is transparent, with a green tint ; it shows 
aggregato polarisation. This matter is probably to bo 
referred to glauconite. There are also present some 
small fragments of calcite. 

68*40 

(2*00 %), Eadiolaria, Spongo 
spicules, a few pale green 
costs of Foraimnifern. 

(30*00 %), m. di. 0*10 mm,, 
rounded and angular ; quartz, 
felspar, tourmaline, glauco- 
nite, zircon. 

(20*40 %), amorphous matter, 
fine mineral particles, and a 
few fragments of siliceous 
organisms. 

This deposit is similar to the last. There are more 
pelagic Foraminifera here than in the Jive previous 
deposits. No caloareous concretionary nodules were 
found. 

80*06 

(1*00 %), Spongo spicules, Radio- 
laria, LituoUdoo, Diatoms. 

(1*00 %), m. di. 0*00 mm., angu- 
lar ; quartz, felspar, horn- 
blende, glauconite, zircon. 

(84 *06 %), much fine green amor- 
phous and clayey matter, with 
small fragments of minerals 
and siliceous organisms. 

Among the organisms in this deposit there were worm- 
tubes formed of the clayey material. Fragments of 
wood, twigs, and seods, were also present. 

69*80 

(1*00 %), Sponge spicules, glau- 
conitio casts. 

(1*00%), m. di. 0*00 mm., 
angular ; quartz, felspar, 
glauconite, pumioo. 

(67 *80 %), amorphous green 
coloured matter, fine mineral 
particles, and a few fragments 
of Sponge spicules. 

There was a large quantity of mud in the sounding tube ; 
that on the top was of a green colour tinged with ■ 
brown, while at the bottom it was more clayey with 
a blue tinge. After treatment with acid there remained 
pale and dark green glauconitic grains and oasts. There 
were some concretions of Globigerina Ooze cemented 
into a fine almost opaque paste of carbonate of calcium. 
In the concretions some of the Globigerinidra are filled 
with glauconite. 

01*70 

(1*00 %), a few Spongo spicules, 
caBts of Foraminifera, Litu- 
olidffi. 

(1*00%), m. di. 0*08 mm., 
angular ; glauconite (irregular 
or spherical grains), quartz, 
felspar, rarely thin greenish 
scales of a chloritio mineral, 
green pyroxene. 

(89 *70 %), amorphous matter, a 
few small fragments of 
minerals. 

Several soundings were taken, at two of which there were 
traces of Coral Sand on the lead. At 3.30 p.m,, south 
of the Tionfolokker Islands, the Blue Mud described 
was obtained. Near the same place two hauls of the 
trawl were taken, and the deposit obtained was a Coral * 
Sand with large perforated fragments of calcareous rock. 
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THE VOYAGE 0E H.M.8. CHALLENGER. 


See Charts 81 and 88, and Diagram 14. 


Number of 
Station. 

Bate. 

Position. 

H ; 

Temperature 
of the Sea- 
water 
Cffahr.). 

Designation and Physical Characters. 

Carbonate of Oaloium. 



3ottom 

Surface 


Per cent. 

Forarainifera. 

Other Orgauisms. 

*192a 

1874 
Sept. 26 

o in 

6 49 16 S. 
182 14 15 E. 

129 

0 

o 

Globighrina Ooze, hard honey- 
combed Globigerina rock. 
Residue green. 

79 -66 

(60*00 %), Globigerinidse, Pub 
vinulina. 

(6*00 %), Miliolidffl, Textularid®, 
Lagenidte, Rotalidte, Nummu- 
linMfie. 

(14*66 %), S&rpula, Dmtalixm, 
fragments of Gasteropods (rare) 
and Lamellibranohs, limbs 
and oarapaces of Crustaceans, 
Pteropods, Ostracodes, Ecbino- 
derm fragments, Corals ( Gary - 
ophyllia), Aloyonarian spicules. 

198 

„ 28 

5 24 OS. 
180 87 15 E. 

2800 

88’0 

88'5 

Y oloanio Mud, bine, pulverulent, 
line grained. 

trace 

Pidvinulina. 

... 

194 

194a 

„ 29 

33 33 

4 81 OS. 
129 67 80 E. 

4 81 OS. 
129 67 20 E. 

200 

860 

... 

88*0 

82-5 

|-Yoloanio Muds. 


... 


a 

Oot. 1 1 

Off Ban da. 

17 

... 

... 

Volcanic Sand or gravel, made 
up of red, white, and black 
particles. 

Residue black. 

52*09 

(20*00 %), Miliolidra, Rotalidte, 
NnmmulinidtB. 

(82*09 %), Otoliths of fish, Ser- 
pula, Gasteropods, Lamelli- 
Dranchs, Echinoderm frag- 
ments, Polyzoa, Corals, cal- 
careouB Algto. 

r 196 

5 

j 

a 

„ 8 

4 21 OS. 
129 7 0 E. 

1426 

88-0 

82'0 

Blue Mud, blue-grey, coherent, 
homogeneous, fine grained, 
plastio -when wet. 

Besidue bine-grey. 

81*36 

(16*00 %), Globigerinidee, Pvib 
wnuiincb. 

(8*00 %), Miliolidffi, Lagenidte, 
Botalidro. 

(18*36 %), Gasteropod fragments, 
Lamellibranchs, Pteropods, 

Ostracodes, Aloyonarian spi- 
cules, Ooccoliths. 

1 

i 

a 

V*. 

.. 6 

Off Amboina. 

15-20 

... 


Deposit composed of Shells and 
Sand, principally Gasteropod 
and LameHibranch fragments, 
ffeterostegina complaTiata. 
Besidue dark grey. 

59*26 

(9*00 %), Globiprinid©, Pulvin- 

(26*00 %), Miliolidae, Lagenid®, 
NnmmulinidBe. 

(25*26 %), Otoliths of fish, JSfer- 
pula, B&nialivm, Gasteropoda, 
Iiamellibranchs (oyster), Pter- 
opods, Ostracodes, BaZcvnua, 
Echinoderm fragments. Corals 
(free), Polyzoa. 


See PI. XII. fig. 2. 
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H-pSTnim 

Additional OBsawvAnone, 

Per cent. 

Silloeous Organisms. 

Minerals. 

Pine Washings. 


20'44 

• 

(6*00 %), Sponge spicules, Toxtu- 
laridcQ, casts of calcareous or- 
ganisms. 

(1*00 %), m. di. 0*10 mm ,, , 
rounded ; glauconite, quartz, 
felspar, zircon,, olivine, horn- 
blende. 

(14 *44 %), amorphous matter, 
fine mineral particles, and. 
siliceous remains. 

In the trawl were several large pieces of honeycombed " 
rook, and many rounded more or less hardened nodules. 
These nodules, when examined, were found to be com- 
posed entirely of the shells of QbMgerina t JPuZvinu- 
tina, and Orbulina , — in short, a Globigerina Ooze 
more or less hardened. The large pieces of rook are 
very hard, requiring heavy strokes of a hammer to 
break them, and are overgrown with Serpufa, Oar - 
pentoriOi. Polytmm, Sponges, Corals, Polyzoa, &c. 

lOO’Ofi 

(6-00 %), Sponge spicules, 
R&diolaria, Diatoms.. 

(60 '00 %), m. di. 0*20 mm,, 
angular felspar, plagioolase, 
volcanic glass, augite, magne- 
tite, andesitic lapilli. 

(86 ’00 %), fine amorphous 
matter, fine mineral portioles, 
and siliceous remains. 

Only traces of the deposit came up in the sounding tube ; 
it bad evidently been washed out In the water-bottle, 
however, there was a email quantity of a red-green 
colour. No Foraminifera wore observed! in this latter, 
but in that obtained, in the sounding tube three Pul” 
vinulina shells were observed.. 

Some pebbles and mineral particles came up in the tube. 
Mixed with these were some pelagic Foraminifem 

The minerals were generally volcanic, and attached 
to one was a piece of coral. In the dredge wore several 
fragments of volcanic rocks and pumice, measuring 
from 1 to 4 inches (26 mm. to 10 ora.) in diameter. 
Cords, siliceous Sponges ( AphrocaZlistes , &c.), and 
calcareous Algal. 

47-91 


(47*91%), angular; lapilli of 
volcanio rocks, plagioclase, 
augite, hornblende, magne- 
tite, black glassy volcanic 
particles, olivine. 

A small quantity of fine amor- 
phous matter. 

A large proportion of the deposit 1 is made up of calcareous 
Algce encrusting nuclei of various materids, such as 
rock fragments, Corals, kc., and forming nodules from 
i to 4 indies (0 mm. to 10 cm.) in diameter. The 
rook fragments aro from 1 to 6 om. in diameter, with 
a few smaller mineral particles. The volcanio minerals 
are very often surrounded with black voloanio glass ; 
they may be considered as splinters or products of 
disintegration of a hasdtio rook or as a volcanio ash* 

68-84 

(8-00%), Sponge spicules, a 
few Radiolaria, ABtrorhizidfle, 
Lituolidce, Diatoms. 

(10-00 %), m. di, 0-10 mm., 
angular; magnetite, brownish 
vosioular volcanic glass, 
pumice, plagioclase, horn- 
blende, augite. 

(66*04 %), fine amorphous 
matter, with minute mineral 
particles and remains of sili- 
ceous organisms. 

A large quantity of the mud came up in.tbe sounding -\ 
tube. There was a watery brown layer on the top, 
whereas the remainder was a compact Blue Mud ; both, 
however, were of the same composition. In the dredge 
there were a number of pumice nodules, varying from 

4 to 4 inches (12 mm, to 10 om.) in diameter, slightly 
impregnated with manganese. To severd of the smaller 
ones there were attached specimens of Antipathes. One 
or two twigs and seeds were also found in the dredge. 

40-74 

(2*00 %). Sponge spicules, Lituo- 
lidce, Diatoms. 

(16*00%), m. di. 0*20 mm., 
angular and rounded ; plagio- 
olose, sanidine, pyroxene, 
magnetite, quartz, altered 
olivine, pumice, particles of 
volcanic rocks (some altered).. 

(28*74 %), floocnlent amorphous 
matter, minute mineral parti- 
cles, and fine siliceous re- 
mains. 

Pieces of twigs and leaves were present A piece of vol- 
canic tufa about an inch (26 mm.) in diameter was abo 
obtained. Small fragments' of rooks 8 or 4 mm. in 
diameter were found amongthe miaerds. Scterostegina 
c&mplanata, var. granulosa , is largely represented* 


(deep-sea DEPOSITS OHADIi. EXP. — 1890.) 13 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Chart 81, and Diagram 14. 


s| 

11 

Date. 

Position. 

Ai 

II 

Femnerature 
oi the Sea- 
water 
(tfahr.). 

Designation and Physical Characters. 

Carbonate op Oalgtum. 





ottomls 

Rriftce 


Percent. 

Poraminifera. 

Other Organisms. 

196 

1874 

Oct. 18 

Off/ 

0 48 80 S. 
126 68 80 E. 

825 

0 

86-9 

0 

88*0 

Hard Ground, hard oonglo- 
m orate, yellow-white. 

Residue yellow-white. 

08*70 

MiHoliw, Orbitolites, Gloligerina, 
Garpeitieria, JPolytreim. 

Serpula, fragments of Gastero- 
poda, Lamellibranchs, Ecliino- 
derm fragments, Polyzoa, 
calcareous Algce. 

197 

„ 14 

0 41 ON. 
126 8.7 0 E. 

1200 

86*9 

82*5 

Blue Minx. 

... 

... 

... 

198 

20 

2 55 OK. 
124 68 0 K 

2150 

38-9 

86 '0 

Volcanic Mud, . red-brown, 
coherent, fine grained, break- 
ing up in water, plastic and 
dark brown when wet. 


... 

* 

199 

.. 22 

5 44 OK. 
128 84 0 E. 

2000 

38 ‘0 

83*0 

Volcanic Mud, red-brown, co- 
herent, fine grained, breaking 
up in water, plastio and dark 
brown when wet. 

... 

... 


- 200 

„ 23 

6 47 OK. 
122 28 0 E. 

250 

... 

85-6 

Green Mud, 

... 


... 

f 201 

sj 

i 

8 

„ 26 

7 8 OK. 
121 48 0 E. 

82 

... 

88-0 

Stones, Gravel. 

... 



4 . 20S 

s 

1 

TO 

! ,, 27 

8 82 OK, 
121 65 0 E. 

2560 

50-6 

: 83*0 

Blue. Mud, dark brown, fine 
grained, unctuous, . plastic, 
homogeneous, coherent. 

trace 

Qlobigervm bulloidcs, Textularia 
dilatata . 

Echini spines, a few Coccoliths. 

20! 

8 „ 81 

11 6 OK. 
123 9 0 E. 

2C 

I 

85 *C 

) Mud, Sand, and Shells. 

.r» 

... 
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.Residue. 

ADDmoNAi Observation s. 

Per cent 

Silioeous. Organisms. 

Minerals. 

Pine Washings. 


6*30 

(1*00 %), Sponge spicules. 

(1*00 %), m. di. 0*08 mm., 
angular ; felspar, pyroxene or 
hornblende, pumioe. 

(4*80 %), fine amorphous matter 
and a few fine mineral par- 
ticles. 

Nothing was obtained in the sounding tube, but in tlio 
trawl there were fragments of a hard, irregular, honey- 
combed conglomerate of a yellow-white colour, coated 
in partB with manganese and overgrown with Serpula, 
Polyzoa, and Spongea The largest fragment measured 
12 by 8 inches (SO by 20 cm.), and was not unlike those 
obtained on September 20, but much harder and the 
organisms were less apparen t. Microscopic sections show 
the whole mass to he composed for the most part of Fora- 
minifera and calcareous Algsa, transformed into a crys- 
talline limestone. Microscopic crystals of carbonate of 
lime have been formed in all the hollows of these con- 
cretions, and the cement is also crystalline. From 
consideration of the organisms, this deposit, unlike 
that at Station 192 a, has been formed in comparatively 
Bhallow water. In addition to the rock fragments, 
there were also pieces of Corals. In the residue after 
acid there were observed a number of small rounded 
bodies, isolated or grouped, yellow and transparent; 
these must be organic. 





Only a trace of 1 the bottom came up in the sounding 
tube, and this was a fine sandy mud formed of red, 
white, and black mineral particles, mixed with a few 

Bin all Foraminifera and Radiolaria, There was also an 
angular pebble of- augite-andesite, much decomposed 
ana coated with manganese. 

100*00 

(3*00 %), Sponge spicules, 
Lituolidn?. 

(45*00 %), m. di. 0^20 mm., 
angular ; felspar, plagioclase, 
pyroxene, hornblende, magne- 
tite, pumice, palagonite, 
lapilli. 

(62*00 %), amorphous matter of 
a brown colour and many fine 
mineral particles.. 

In the trawl there came np one or two pieces of rock 
about an inch in diameter, volcanic conglomerate the 
Bame as found off Goonong Api, several palm fruits, and 
pieces of wood and bark. . 

100*00 

(2*00 %), Sponge spicules, ifao- 
phax Tiodulosa , Gaudryina 
sipJwnclla, Diatoms. 

(48*00 %), m. di. 0*10 mm., 
angular ; plagioclase, pyro- 
xene, hornblende, magnetite, 
pumice, vitreous lapilli.. 

(50*00 %), fine amorphous 
brown coloured matter, many 
fine mineral particles, and a 
few siliceous- remains. 

There were many small .fragments of pumice. 

... 

... 

... 

... 

Only a Bmall quantity of mud was brought up. It was. 
green in oolour and contained Diatoms, .CooooKths^#ZoW- 
gervna , Radiolaria, and small mineral .particles. 

... 


... 


Four or five small pebbles came up in the Bounding 
tube, some basaltic, others limestone. The former 
were covered with attached Foraminifera of various 
kinds. 

100*00 

(1*00 %), Radiolaria and a few 
, Diatoms. 

(5*00 %), m. di. 0*08 mm., 
angular; magnetite, felspar, 
plagioclase, quartz, augite, 
hornblende, pumice, coloured 
altered particles, brown vol- 
canic glass, small basaltic 
lapilli. 

(94*00 %), amorphous matter. 

The deposit which came up in the tube and water-bottle 
was exceedingly soft and of a slate blue colour, with 
here and there a tinge of red. 


Amboina to Samboangan. gamboangan to Manila. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Chart 81, and Diagram 14. 


Il 

II 

Date, 

Position. 

f| 

Temperature 
of the Sea- 
water 
(Ful ir,> 

Designation and Physical Characters. 

Carbonate of Calcium. 





Bottom 

Surface 


Per cent. 

Foraminifarn. 

Other Organisms. 

204 ' 

1874 
Not. 2 

o / tt 

12 26 0 N. 
122 16 0 E. 

• 

7Q5 

0 

a 

84*0 

Blue Mud, green-grey when dry, 
fine grained, coherent, green 
when wet, 

Residue green. 

11*31 

<0*00 %), Globigerinidae, Pul- 
vinuliTia. 

(1*00 %), Miliolidro, Toxtularidro, 
Rotalidro, Nummulinidro. 

(4*31 %), Lamellibranch frag- 
ments, Ptoropods, Ostracodes, 
Echini spines, Ooocoliths. 

■ 204a 

„ 2 

12 48 0 N. 
122 9 0 K 

100 

... 

84*0 

Gbbbn Mud, green, slightly 
ooherent. 

Residue groan. 

50*18 

(20*00 %), Globigerinidce, Pul- 
vinulina. 

(5 *00 %), Miliolidro, Textularidro, 
Lagmridas, Rotalidro, Num- 
mulinidm. 

(31*18 %), Otolitlis offish, Gas- 
teropoda, LamellibrancliB (lar- 
val), Pteropods, Hetcropods, 
Oatracodes, Echinoderm frag- 
ments, Polyzoa. 

204b 

» 2 

12 46 0 N. 
122 10 0 E. 

115 


84*0 

Queen Mod, same as 204 a. 
Residue green. 

50*40 

(20*00 %), Globigerinidro. 

(4 *00 %), Miliolidro, Textularidro, 
Lagenidra, Rotalidro, Nura- 
mulinidro. 

(26*40 %), Otoliths of fish, 
Gasteropoda, Lamollibrnnchs 
(larval), Pteropods, Hetero- 
pods, Ostraoodos, Echino- 
derm fragments, Polyzoa. 


„ H 

Manila Har- 
bour, 

4 

... 

... 

Blue Mud, bluo-grey, plastic, 
fine grained, unctuous, co- 
herent. 

trace 

MilioUna , JBulimina aeulcata, 
fiotalia. 

Gasteropoda, Lamcllibranchs, 

Pteropods, Cocooliths. 

205 

,, 13 

16 42 0 N. 
119 22 0 IS. 

1050 

87*0 

82 ‘0 

Blue Mud, light grey, homo- 
geneous, fine grained, co- 
herent 

Residue brown. 

22*11 

(15*00 %), Globigorinidte, Pul - 
vinulina. 

(1*00 %), OasMulina sxibgloboaa 
SphtBroidma lulloides. Rot- 
alidffl. 

(6*11 %), Scrpula, Gastoropods, 
LamellibrancliB, a few 
Pteropod fragments, Echino- 
derm fragments, froo Corals 
{Bathyacti8) } Coocolitlie, Rlmb- 
doliths. 


1876 
Jan. '6 

Hong Kong 
Harbour. 

7 



Mud and Shells, green-grey, 
ooherent, breaking up readily 
in water. 

Residue green- grey. 

53*62 

(5*00 %), Miliolidee, Rotalidro, 
Nummulinidro. 

(48*52 %), Otoliths of fisli, Gas- 
teropods, Lamollibranchs, 

Ostracodes, Ecliinoderm frag- 
ments, Polyzoa. 

206 

„ 8 

17 64 0 N. 
117 14 0 E. 

2100 

30*6 

1 76*2 

Blue Mud, green, somewhat 
plastic, coherent, unctuous, 
homogeneous, fine grained. 

trace 

Globigerinidro, Pitivinulina. 


* 207 

„ 16 

12 21 0 N. 
122 15 0 E. 

700 

51*6 

80*0 

Blue Mud, light green-grey, 
coherent, homogeneous, fine 
grained, Bubhistrous streak, 
breaking up with difficulty in 
water. 

Residue daik green. 

8*22 

Textularia , UvigeHna, Qlobi- 

gcrina sacculifera, PuVoinulina 
menardii , JRjotalia. 

A few fragments of Lamelli- 
branchs and Pteropods, one or 
two Ooccoliths. 

208 

,, 17 

11 87 0 N. 
128 81 0 E. 

18 

... 

81 >0 

Blue Mud. 

... 

• 

... 




REPORT ON THE DEEP-SEA. DEPOSITS. 


101 


Besides. 

Addxtionjll Observations. 

Pot oent. 

Siliceous Organisms. 

Minerals, 

Fine Washings. 


88*09 

(5*00 %), Eadiolaria, Sponge 
spioules, Diatoms. 

(00*00 %), m. di. 010 mm., 
angular ; plogioclase, quartz, 
pyroxene, hornblende, mica, 
magnetite, pumice, altered 
volcanic particles, glauconite. 

(23 '09 %), green amorphous 
matter, fine mineral particles, 
and siliceous fragments. 


43*82 

(3*00%), Sponge spicules, 
Eadiolaria, Toxtularidrc, oasts 
of calcareous organisms. 

(30*00 %), m. di. 013 mm.., 
angular ; felspar, plogioclase, 
augite, magnetite, volcanio 
glass splinters, glauconite. 

(10*82 %), many fine mineral 
particles, a little amorphous 
matter, and a few siliceous 
remains. 

After treatment with acid, there remain a good many 
pale and dark green oasts of the Poraminifera ana 
other shells. 

49*60 

(4*00%), Sponge spicules, 
Eadiolaria, arenaceous Textu- 
laiidce, glauconitic casts. 

(30*00 %\ m. di 010 mm., 
angular ; felspar, plagioclase, 

(16*60 %), many fine mineral 
particles, a little amorphous 
matter, and a few Biliceous 
remains. 

The deposit is similar in every respect to that obtained 
at the previous station. Pteropods are fewer. A great 
many casts of the organisms remain after treatment 
with acid. 


quartz, hornblende, “ augite, 
mica, magnetite, glassy* vol- 
canio particles, glauconite. 

100*00 

(3*00%), Spongo spioules and 
Diatoms. 

(25*00 %), m. di. 0*08 mm., 
angular ; felspar, plagioclase, 
hornblende, augite, glassy 
volcanic particles more or 
less altered, quartz. 

(72*00 %), fine amorphous 
matter of a blue oolour; fine 
mineral particles, and a few 
remains of siliceous organ- 
isms. 

The deposit was obtained from the anchor. A number ■< 
of small coprolite-like bodies are present. 

77*89 

(5-00%), Sponge spicules, 
Eadiolaria, Astrorhizidiu, 

Hap lophragmmm, Diatoms. 

(10*00 %), m. di 0*13 mm., 
angular ; quartz, plagioclnso, 
felspar, hornblende, augite, 
magnetite, palagoiiite, pum- 
ice. 

(62-80 %), fine amorphous and 
clayey matter, minute mineral 
particles, anu some Biliceous 
remains. 

In the trawl were two or three rounded nodules of pumice, 
from i to 1 inch (12 to 25 mm.) in diameter, a few 
| cinders, and fragments of wood and leaves. The 
nodules and pieces of wood were overgrown with 
Serpula. In addition to those there were a dead 
Coral (j BcUhyactia) and a Gasteropod. 

40*48 

(5-00 %), Sponge spicules, n fow 
fragments of Diatoms. 

(25*00 %), m. di. 0*50 mm., 
rounded and angular ; quartz, 
plagioolnsB, felspar, pyroxene, 
hornblende, opidote, magnetic 
particles, glauconite. 

(10*48 %), fine mineral particles, 
a Hinall quantity of amorphous 
matter, a few fine fragments 
of' Sponge spicules, one or two 
fragments of Diatoms. 

The deposit was obtained from the anchor and consists 
of fragments of ahellB, &c., cemented together by mud. 

It is curiouB to note that although the surface waters 
were full of Diatoms none or only a few fragments 
woi’o observed in the deposit from the bottom. The 
felspar is sometimes kaolinised. 

100*00 

(10*00 %), Spongo spicules, 
Radi o 1 avia, Hhizammina , 

Lituolidai, Olavulina coni- 
mums , , Diatoms. 

(5*00 %), m. di. 0*20 mm., 
angular ; quartz, a groat num- 
ber of Sinai 1 particles of brown 
vosieiilarvolcanicglass, plagio- 
clase, augite, manganese grains, 
magnetite. 

(85*00 %), much green- brown 
clayey and amorphous matter, 
Bomo fine mineral particles, 
and minute remains of silice- 
ous organisms. 

When brought up in the Bounding tube the mud was 
reddish at the top and of a slate-blue colour at the 
bottom. Small pellets of amoxplious matter are 
observed in the larger washings of the residue, pro- 
bably excreta of Eohinoderms. 

00*78 

i 

(3-00%), a fow Eadiolaria, 
Sponge spicules, and Diatoms. 

(5*00 %), m. di 0*06 mm., 
angular; very small particles, 
among which felspar and 
augite predominate, quartz, 
glossy volcanic particles, 
lumps of disintegrating 
volcanio matter black and 
somewhat opaque, probably 
volcanio matter altering into 
clayey substances, glauconite. 

(88*78 %), much green clayey 
and amorphous matter, many 
fine mineral particles, and a 
few remains of siliceous 
organisms. 

The calcareous organisms are fragmentary. 

A small quantity of deposit was obtained from the 
stomach of a Holothurian. It was green in colour 
and contained broken shells of all kinds, Eohinoderai 
spines, many varieties of JForaminifera, but no Qlobi- 
gerina or Pulvinulina. 


Samboangan to Manila — continued. Manila to Hong Kong and back. Manila to Samboangan. 
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Fine Washings. 


Additional Obshiiyatiqns. 


(34 18 %), amorphous matter, Tliis seems to be a Green Mud in process of formation and 
fine mineral particles, and resembles that obtained off tlio coast of Australia, 

remains of siliceous organ- Station 164. Abundant easts of the organisms remain 

isms. after treatment with acid. 


This is in the same position as the previous station, and 
is known as the JSuplectolla ground. 


(50 '94 %), much amorphous There were a 
matter, fine mineral particles, ferent sizes, 
and fine siliceous remains. 


it t many oval arenaceous bodies, of dif- 
ieved to be the excreta of Echinodornis, 


(75'00 %), amorphous matter, The sounding was taken close to the Island of Oamiguin 

fine minerals, and siliceous in 185 fathoms. The bottom is a Blue Mud oontain- 
remeinfl. ing Qlobigerina , Pteropods, &o., and many small red 

ana white mineral particles of volcanic origin. A 
piece of tnfa about 0 m 6 cm. in diameter was observed 
m the washings. Hornblende and angite are here 
more abundant than in other deposits of a similar 
kind. 


(81 -87 %), light coloured clayey 
and amorphous matter, fine 
mineral particloB, and siliceous 
remains. 


The sounding was taken in the Sulu Sea in 2225 fathoms. 
The tube was nearly full of mud, all above the valve 
being of a red colour, that below slate blue ; no difference 
but that of colour can be detected in the two samples ; 
the blue, however, appears to have morn clayey and 
earthy matter than the much more diffuse upper layer, 


On February 2, 1876, in the some locality, large frag- 
ments of plagioclase, often zonary, embedded in a 
vitreous coating, crystals of augito, magnetite, and 
hornblende, were observed in the mud. 


(33*26 %), amorphous matter, 
many minute fragments of 
minerals, and a few fragments 
■ of siliceous organisms. 


In the reddish surface layer one or two fragments of 
Foraminifera and a fragment of Pteropod were noticed, 
but the deeper blue emoured portions contain no car- 
bonate of lime organisms, ana do not show the least 
effervescence with acids. The Radiolaria appear also 
to he much more numerous in the reddish surface 
layer. There were many large hardened lumps of the 
deposit in the trawl, which contained many fragments 
of wood, leaves, and branches. The hornblende and 
felspar, often filled with vitreous inclusions, are, like 
many of the minerals, enveloped in a vitreous volcanic 
coating. Some fragments of rocks have a diameter of 
0*6 mm. 


Manila to Samboangan— tmMmied. Samboangan to New Gninea. 
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See Chart 81, and Diagrams ] 4 and 15. 


Il 

I« 

Date. 

Position. 

' 214 

1875 
Feb. 10 

° / / 

4 S3 0 IT. 
127 6 0 E. 

215 

» 12 

4 19 ON. 
180 16 0 1. 

216 

„ 10 

2 46 ON. 1< 

188 68 0. a 

210a 

» 16 

2 66 ON. 2i 
134 11 0 E. 

217 

„ 22 

0 39 OS. S 
188 66 0 E. 

... 

„ 24 

Humboldt 

Bay, Papua. 





il 

eg 


Temperature 
ol the Sea- 
water 
(Pato,), 


THE VOYAGE OE H.M.S. CHALLENGER. 


Designation and Phyeioal Characters. 


[Bottom 


Surface 


500 


41 '8 


80*5 


2550 ' 


35-4 


2000 


37 


85*4 


85*4 


81-8 


85*2 


83 *0 


Blub Mud, grey, granular, oor 
heron t, earthy. 

Residue reddish* 


Red Clay, red-yellow when dry, 
coherent, lustrous streak, 
homogonoous, plastic and dark 
red-brown when wet. 


GLonicraniNA Oozm, light grey 
with red tinge, slightly cohe- 
rent, granular, plastic when 
wot. 

Residue dark red -brown. 

Globigehin a Oozis, light rod, 
gi’ey, slightly oohorent, fine 
grained, plastic and red 
coloured when wot. 

Residue dark red-brown* 


Blue Mud, blue-grey, homogene- 
ous, coherent, fine grained, 
breaking up with difficulty in 
water, dork blue-grey when 
wet 

Residue dark blue. 

Blue Mud, blue-grey and plastic 
when wet, coherent, granular. 

Residue blue-grey, 


Oaksonatb of Oaloium, 


Per cent, 


34 ‘84 


49*03 


34*07 


12-75 


28*91 


PoraminiftJro, 


(25-00 %), Globigerinidre, Pul- 
miulinar, 

(2-00 %), Textularidoe, Lagenidm. 


(40 ‘00 %), Globigerinidte, Pul- 
vinitiina menardii. 

(1 -00 %), Miliolina venusta , Uvi- 
gerina aap&rula , Pulvinulina 
favua . 

(30 -00 %), Globigerinidee, Pul- 
vinulwia TneTiardii , Jtotalia 

soldanii,. 


(10-75 %), Globigerinidffl, Pulvi- 
nulina menardii. 

(2*00 %), 1 3iloculina ^ 

Truncatulina pygmma. 


(6 *00 %). Globigerinidee, 

(10*00 %), Miliolidee, Texbularia,, 
Rotalidffi, Nummulinidse. 


Other Organisms. 


(7*34 %), Otoliths of fish, Ostm- 
codes, Eohinodenn fragments, 
Polyzoa., 


(8 *08 %), Eoliini spines, Cooco* 
lithH, Rhabdoliths. 


(4*67 %), Echini spines. Cocco- 
liths, Rhabdoliths. 


%)> Gasteropoda, Lamelli- 
branoha (larval), Pteropods, 
Ostrocodes, Echinoderm frag- 
ments, calcareous -Algce. 
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1 

Rbstditb. 

Per cent. 

Siliceous Organisms. 

Minerals. 

Pine Washings. 

06-G6 

(2'00 %), a few Sponge spicules, 
fragments of Radiolaria, 
Astrorhizidac, Litnolidoe. 

(20*00 %), m. di. O'lO mm., 
angular ; sanidme, plagioclase, 
quartz, augite, hornblende, 
magnetite, pumice. 

(48*00 %), amorphous matter, 
minute fragments of minerals. 

100*00 

(3*00 %), many Radiolaria, 
siliceous spicules, Lituolidee. 

(5*00%), m. di. 0*08 mm., 
angular; plagioclase, augite, 
volcanic glass splinters, frag- 
ments or altered volcanic 
rooks, magnetite. 

(92-00 %), much fine amorphous 
matter, minute mineral par- 
ticles, and remains of siliceous 
organisms. 

60-97 

(1-00%), Sponge spicules, Rndio- 
lurio, Rhiza.mmina algteformix, 
Lituolidee. 

(1’00 %), m. di. O'O0 mm., an- 
gular ; pumice, folspar, plagio- 
claso, augito, magnetite. 

(48*97 %), much red amorphous 
matter, fine mineral and 
siliceous remains. 

1 

66-33 

(l'OO %), Sponge spicules, Radio- 
laria, Diatoms. 

(1*00%), m. di. 0-08 mm., an- 
gular ; folspar, pyroxene or am- 
phibole, magnetite, pumice, 
altorod volcanic glass. 

(63*33 %), much amorphous 
matter of a red-brown colour, 
line mineral particles, and 
remains of siliceous organ- 
isms. 

87-26 

(1-00%), Radiolaria, Sponge 
spicules, Bh'imimmna ctlgm- 
fortnis , Lituolidee. 

(1*00%), m. di. 0-00 mm., an- 
gular ; felspar, augite, vol- 
canic glass, sometimes altered 
to palagonito, quartz. 

(85 -25 %), much amorphous 
matter, fine mineral particles, 
and remains of siliceous or- 
ganisms. 

71-09 

(2-00 %), Sponge spicules, Radio- 
laria, Haplophragmium agg - 
luUnans t Teztulwria sagiitula, 
Diatoms. 

(20-00 %), m, di 0-07 mm., 
rounded ; felspar, volcanic 
glass, quartz, magnetite, oli- 
vine, hornblende, mica, pala- 
gonite, glauconite. 

(49 *09 %), fine mineral particles, 
amorphous matter, and silice- 
ous remains. 


additional Observations. 


many animals and numerous fragments of trachytio 
tufa. These fragments are generally very compact and 
break up with difficulty, their cohesion being nearly as 
perfect as that of crystalline rockB. They contain 
GloUgerina and other Foraminifera, and a great 
number of volcanic particles, as felspar, plagioclase, 
augite, rarely hornblende, magnetite, fragments of 
volcanic glass. These concretions are true submarine 
tufas, and seem to be an augite-andesitic ash or to 
come from the disintegration of an angite-andesitio 
rock containing hornblende. Yitreous fragments are 
not frequent ; probably they are altered into ohloritic 
matter present in the concretions. 


the sounding tube. In the trawl were a few fragments 
of pumice, about the size of a hen's egg or less.. These 
all contain porphyritic minerals. Inside one piece was 
found an Orbulvm - like body, having the shell composed 
of black and red particles, but containing no carbonate 
of lime ( PlacopaUina bulla?). The pumice fragments 
are slightly impregnated in some cases with manganese. 


since leaving the Philippine Islands. 


There are fewer Coocoliths and EhabdolithB than in the 
previous sounding. There were one or two pieces of 
pumice stone in the sounding tube. A considerable 
number of pumice stones came up in the trawl, vnrying 
from the size of a marble to that of a good-Bized egg. 
The surface of most of these web impregnated with 
manganese. Stephanoscyphus simplex with its stolons 
ran over these stones in great numbers. There were 
also present in the trawl quantities of Bhizammina 
algsBjormis , the tube of which is composed of Foramini- 
fera and other bottom-living organisms cemented 
together. There were also many^ worm tubes and a 
large irregular Rhizopod similar in form to (but not) 


There were two or three small pieces of pumice and 
several worm tubes or portions of them in the sound- 
ing tube. 


A few green casts of the Foraminifera remain after treat- 
ment with acid. 


(deep-sea deposits ohaxd. ext. — 1890.) 


14 


Sambo angan to New Guinea — continued. 


New Guinea to Admiralty Islands. 
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See Charts 31 and 84, and Diagrams IE and 16. 


I! 

p 

Bate. 

1 

Position. 

ai 
f 1 | 

Cemneratnxe 
of the Sea- 
water 
(Pahr.). 

Designation and Physical Characters. 

Carbonate of dAI^utru. 



PS 

B 

ottom S 

urfaoe 


Per-cent. 

Foraminifera. 

Other Organisms. 

' 218 ] 

1875 

Mar. 1 

o / // 

2 38 OS. 
144 4 0 E. 

1070 

o 

36 '4 

o 

84'0 

Blue Mud, pale blue-grey with 
reddish, tinge, homogeneous, 
coherent, somewhat plastic 
when wet. 

Residue dark blue-grey.. 

1?'17 

(10 ’00 %), GlobigerinidsB, 1 BuU 
vinulina. 

(3*00 %), Miliolidfe, Logenideg, 
Ro tali dm,. 

(4 "17 %), Otoliths offish, Sorp\ 
Ianiliina, Vmitaliim , Lami 
hranchs, Pteropods, Eel 
spines, Corals {Bothy act 
Coccohths. 

•» 

i. 

i 

> 

■ 

i 

? 

p 

0 

5 

„ 1 
,, io 

Naree Har- , 
hour. 

16-25 

... 

... 

Coral Sands and Muds, pale 
yellow- white, free in the case of 
the sand, light-brown, slightly 
ooherent. 

Residue dark brown ^ 

86 ’87 

(2*00%). Globigerinidfle, 

(30*00 %), MiliaLid®, Textularidas, 
Lagenidee, Rota-lid©* Nummn- 
linidee. 

(64*87 %), Serpula, Gastoropo 
Lamellibranchs, Pteropods, i 
trfioodes, Echinodorm fn 
uients, Corals, calcareous Al£ 

* 

k 

„ 9 

Beach, Main. 
Island, Admi- 
ralty Islands.. 

... 

... 


Sand,, grey, black, white,, apdred 
particles. 

Residue dark grey,. 

27*80 

(8*00 %), MUiolmoiy Rotrilia, 
Nonionina. 

(19*30 %), larval Gasteronoc 
Lamellibrancli and Ecliit 
derm fragments, Alcyonari; 
spicules, calcareous Algie. 

219 

,, 10 

1 64 OS. 
146 38 40 E, 

150 


84*0 

Coral Mud.. 

... 

■ -» 

... 

* 220 
§. 

1 

s 

■3 1 

si 

.. 11 

0 42 0 8; 
147 0 0 E, 

. 1100 

86*2 

83*8 

Globigebina Ooze, nale yellow- 
white, granular, slightly co- 
herent. 

Residue Ted-brown. 

63/76 

i 

(60*00 %), Globigerinid®, BuU 
vinukna. 

(2*00 %), BilocuMna dojpre88a y 
Truncatulina lobatula . 

(11 *75 %\ Echini; spines, Coca 
liths,. Rhabdolitlis., 

3 221 

& 

■ „ IS 

! 0 40 OK 

148 41 0 E, 

. 2650 

36'4 

83-8 

Red Clay, light red-brown, ‘co- 
herent, fine grained, presenting 
no macroscopic elements. 

trace j 

Pulvinulina favus (fragment). 

Small teeth of fish. 

22! 

i „ 11 

5 2 15 0 IT. 

146 16 0 E. 

, 

2450 

35*2 

82-8 

Red Clay, light brown with red 
tinge, coherent, fine grained, 
presenting no macroscopic 
elements. 

Residue chocolate coloured. 

6*86 

(5*86 %), Globigerinid®, Jhd- 
•vinuHna. 

(1*00 %), Truncatulina pygmma, 
Nonionina umbilicatula. 

A few email teeth of fisl 
Echini spines. 


* See PL XXYI. fig. 6. 
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Bjusedith. 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

Fine Washings. 


82-83 

(4-00 %), Sponge spicules (in- 
cluding Geodia), Astrorhizidoe, 
Lituolidffl, Badiolaria, Dia- 
toms. 

(10*00 %), m. di. 010 mm., an- 
gular ; pumice, brown glassy 
volcanic particles, felspar, 
plagioclase, augite, quartz, 
magnetite, altered olivine, 
lapnJi. 

(68 '88 %), much fine amorphous 
matter, minute mineral and 
siliceous remains, 

This deposit was red on the top, grey at the bottom, 
and contained some pumice fragments. There is no 
difference save that of colour between the upper and 
lower layers. In the bag of the trawl were much mud 
and large pieces of pumice and other stones, varying 
in size from that of a pea to that of, a hen's egg. These 
are slightly impregnated in some cases with manganese 
and overgrown with Serpula and Sypcrammi7Ui mgans. 
Pieces of wood, fruits, Annelid tubes, Pteropod and 
Ja/nthina shells were also in the trawl. R Mzcmmina 
alg&formis is common. Many excreta of Eohinoderms. 

13 J 13 

(2-00 %), Sponge Bpicules, As- 
trornizidfle, arenaceous Textu- 
laridsB, a few imperfect casts, 
Diatoms. 

(1-00 %), m. di. 0-06 mm., an- 
gular; fragments of pumice, 
black or brown altered vol- 
canic glass, felspar, augite, 
magnetite, quartz, manganese 
grains. 

(10-13 %), amorphous matter, 
fine mineral particles, and re- 
mains of siliceous organisms. 

Several dredgings were taken ; the bottom was always 
found to be a Coral Sand or Coral Mud. The pelagic 
Foraminifera are rare. The sands are coarse ana made 
up of fragments of Coral, calcareous Algre, Lamelli- 
branchs, and Gasteropoda. Many of the fragments 
are overgrown with Serpula, Foraminifera, andPolyzoa. 

A few imperfect casts remain after treatment with acid. 

72-70 

(2-70 %), Sponge spicules. 

(70-00 %), m. di. 0*26 mm., an- 
gular and rounded ; plagio- 
claae, sanidine, pyroxene, 
hornblende, olivine more or 
less altered, magnetite, splin- 
ters of volcanic glass, pala- 
gonite, small rounded lapilli, 
quartz. 


t 

The sand is composed of fine particles of volcanic minerals, 
averaging in size 0*25 mm., mixed with calcareous 
organisms. 




... 

A sounding and dredging were taken about a mile from 
the reef in 162 fathoms. Only traces of a greenish 
coloured sand were in the sounding cup. 

86-26 

(2-00 %), Radiolaria, Sponge 
spicules, Astrorhizidffi, Lituo- 
lidro, Diatoms. 

(2-00 %), in, di. 0*10 mm., an- 
gular ; pumice, plagioclase, 
magnetite, brown glassy vol- 
canic particles, hornblende, 
very small lapilli of andesitic 
rocks. 

(82-26 %), fine amorphous mat- 
ter, minute mineral fragments, 
and fine remains of siliceous 
organisms. 

In the trawl were several rounded pieces of pumice, about 

J to 1 inch (12 to 26 mm.) in diameter, which were • 
slightly impregnated with manganese in some cases and 
also overgrown with a Rhizopod (probably Hypsr- 
aTHmina). 

100-00 

(2-00 %), Radiolaria, _ Sponge 
spicules, Reophcux-t Lituolidee, 
Diatoms. 

(1-00%), m. di. 0*10 mm., 
angular ; pumice, felspar, 
augite, palagonite, magnetite. 

(97*00 %), much fine chocolate 
coloured amorphous matter, 
minute mineral particles, and 
siliceous remains. 

On examination of the washings of a large quantity, a 
piece of pumice about the size of a pea was found, and 
one or two arenaceous Foraminifera j oIbo a good 
many manganese grains. 

93'14 

(2-00 %), Radiolaria, Astrorhi- 
zidro, Diatoms. 

(2-00%), m. di. 0-10 ram., 
angular ; magnetite, glassy 
volcanic fragments, man- 
ganese grains. 

(89*14 %), much amorphous 
matter, fine mineral and 
silioeous remains. 1 

The Globigermidm are chiefly fragmentary. In the 
washings was a piece of pumice, about the size of a 
pea, overgrown with Ryperammina vctgans. 

j 


New Guinea to Admiralty Islands. Admiralty Islands to Yokohama. 


Admiralty Islands to Yokohama— 
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Sea Chart SI, and Diagrams 14 and 16. 


*3 d 

li 

s* 

Date. 

Position. 

|| 

Temperature 
of the Sea- 
water 
(Pahr.). 

Designation and Physical Characters. 

Carbonate op Calcium:. 




lottom 

lurface 


Per cent 

Boramlntfera. 

Other Organisms. 

' 223 

1876 
Mar. 19 

of tt 

5 81 OF. 
146 18 0 E. 

2825 

o 

35‘5 

0 

82 ’0 

Q-lobigbbjka Ooze, light grey, 
slightly coherent, breaking up 
readily in water* plastio ana 
red coloured when wet. 

Reeidue red-brown. 

62 '47 

(45 ’00 %), Globigerinid©, Pul- 
vimilim. 

(2*00%), JBHoculma depress^ 
Lagenidfie, JRotalia soldanti , 
Nonumma urribHicatula, 

(6*47 %), Echini spinet), Cocco- 
litlis, Ehabdoliths. 

*224 

21 

7 45 ON. 
144 20 0 E. 

1850 

35*4. 

SI ‘2 

Giobigbuika Ooze, with a 
slight rose tinge, almost white 
when dry, slightly coherent, 
friable, chalky, earthy. 

Residue chocolate coloured. 

79-20 

(70*00 %), Globigerinid®, Pul- 
vinulma. 

(3 *00 %), Miliolidce, Textularidm, 
Lagenidce, Rotalid©, Num- 
miuinidffi.. 

(0*20 %), Pteropods, Heteropods, 
Ostraoodcs, Braohiopods, Eoh- 
inoderm fragments, Alcyon- 
arian spioulos, Coccoliths, 
Rhabdoliths. 

+225 

„ 28 

11 24 0 N. 
143 16 0 E. 

4475 

35*2 

80*2 

-f 

Radiolaeiak Ooze, upper layer 
red, deeper layers straw 
coloured, very slightly co- 
herent, fine grained. 

trace 

One or two OloMgerma observed. 

A few otoliths and small teeth of 
fish.. 

| $226 

,, 25 

I 14 44 ON. 1 
142 13 0 4 E. 

2800 

85 ’5 

79-0 

Red Clay, deep chocolate 
coloured when wet, greasy to 
the touch, yellowish when dry, 
pulverulent, breaking up with 
difficulty in water, lustrous 
Btreak. 

Residue chocolate coloured. 

6*11 

(4*00 %\ GlobigeriliidBe* Pul- 
vinulina. 

(1*00 %), Miliolid©, Textularid©, 
Lagenid©, Rotalidee, Num- 
mminid©.. 

%)» small teeth of fish,, 
Eohini spines. 

227 

» 27 

17 29 0 N. 
141 21 OE. 

2475 

85*2 

79 ‘2 

Red Clay, chocolate coloured 
when wet, plastic, fine grained, 
presenting no macroscopic 
elements. 

trace 

TYumaMiim pygmmv (frag- 
ments). 

Small teeth offish, larval Gastero- 
poda, Ostracodes, Alcyonaiian 
spicules. 

228 

„ 20 

19 24 0 N. 
141 18 0 E. 

. 2450 

35-2 

80-2 

Red Clay, red, coherent, fine 
grained, presenting no macro- 
scopic elements, chocolate 
coloured when wet. 

trace 


Teeth of fish. 

222 

L 

i April 1 

22 1 ON 
140 27 0 E 

* Spa nru 

. 2500 

il AR F 

85*2 

78'5 

Red Olay, red, coherent, but 
somewhat friable, fine grained, 
presenting no macroscopic 
elements, chocolate coloured 
and plastic when wet 

trace 

... 

Small teeth of fish. 


+ See PL XT. fig. 8 ; PL XXVII. fig. 6. 
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Residue. 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Mlneralfl. 

Sine Washings. 


47-63 

(3‘00 %), Radiolaria, Sponge 
spicules, Vcmeuilina pyg - 
mm, Diatoms. 

(1-00 %), m. di. 0-10 mm., 
angmar ; felspar, pyroxene 
or omphibole, magnetite, 
pumice, altered voloanic pnr- 
tioles. 

(43-63 %)* line amomhous 
mattor, minute mineral par- 
ticles and remains of siliceous 
organisms,. 

The Foraminifera oro nearly all pelagic ; both large aud - 
small specimens are present, tlio larger ones being much 
broken. A piece of pumioo about the size of a poa came 
up in the sounding tube. About a pint (half a litre) 
of pumice fragments came up in the trawl, varying In 
size from that of a pea to that of a hen's egg, in most 
cases much decomposed and friable. On one or two 
there wore attached small BiHoeous Sponges. 

20-80 

(6*00 %), Radiolaria, Sponge 
spiculoSj Astrorhizidse, Lituo- 
Udoe, Diatoms. 

(1-00%), m. di 0-06 mm., 
angular ; felspar, hornblende, 
augite, magnetite, many small 
fragments of pumice. 

« 

(14*80 %), amorphous matter, 
many small fragments of 
siliceous- organisms and 
pumioo. 

Only a small quantity of the ooze came up in the sound- 
ing tube, but the drodgo was filled with it. On passing 
this through sieves many fragments of pumice were 
obtained, varying much in size, the largest being about 

6 or 0 cm. in diameter ; there were, however, many 
hundreds of small fragments with a diameter of 1 or 2 
mm. This deposit is essentially composed of pelngio 
Foraminifera, the bottom -living species forming only a 
very small portion of tlio whole mass. Rbalxloliths 
ore very rare, Ooccoliths very small in size. 

300-00 

(80 ‘00 %), Radiolaria, Sponge 
spicules, one Ilctplophrag- 
mium (jlobii/criniformc ob- 
served, Diatoms. 

(3*00 %), m. di. 0*10 mm., 
angular; folspar, augite, pu- 
mico, magnetite, palagonite, 
lapilli of andesitic rooks, 
bronzite spherule. 

(17-00 %), a small quantity of' 
amorphous uiattor, with many 
lino Fragments of siliceous 
organisms and minerals. 

Besides the many altered volcanic particles there are 
many little aggregations of tlio bottom difficult to break 
down, also little clusters of rhomboliedml crystals of 
carbonate of lime. 111118 is the deepest sounding from 
which deposit. has been procured. 

93*89 

(3*00 %), Rndiolaria, Litnolidip, 
fragments of largo Goscino- 
discitu. 

(6*00 %), in. di. 0*08 mm., 
angular ; mngnotito froo and 
enclosed in volcanic gloss, 
inonoolinic and triclinic fol- 
spiu-s, augite, hornblende, 
many fragments of pumice, 
vitreous fragments trans- 
formed into palagonite. 

(86*89 %), many minute frag- 
ments of pumice and other 
minerals, and some small frag- 
ments of siliceous organisms. 

The trawl brought up a quantity of pumice. The clay at K 
this station presents only boiuo of tlio typical characters 
of clay, and appears to be, fundamentally, rather a fine 
mud than a clay, and is composed chiofiy of the tritu- 
rated particles of pumice. The pumice stones are all 
more or less decomposed and coloured by the hydroxides 
of iron and manganese. In some cases it is impossible 
to dotm-mino the nature of these fragments, believed 
to bo pumioo, oven after microscopic and macroscopic 
examination, but in the majority the structure of 
pumice can bo recognised in the thin slides. 

100*00 

(3*00%), Sponge spicules, 
Radiolaria, Lituolidra. 

(3*00%), m. di. 0*03 mm., 
angular; numerous particles 
of pumice and volcanic glass 
splinters (some brown), plogio- 
clase, folspar, augite, horn- 
blende, magnetite. 

(94*00 %), fine amorphous 

mattor; minute mineral and 
siliceous remains. 

The deposit contains much manganese; two or throe 
small pieces of pumice, about 0*6 cm. in diameter, 
were obtained. The minerals are crystals or fragments 
generally covered with a coating of scoriaceous glass. 

100-00 

(2-00 %), Sponge spicules, 
Radiolaria, ITaplopkragmium 
latulovs&tum. 

(8*00 %), m. di. 0*06 mm., 
angular; _ plagioclaso often 
coated with a net-work of 
vesicular glass, augite, mag- 
netite, pumice, palagonite, 
manganese grains. 

(90-00 %), amorphous matter, 
fine mineral particles, and 
remains of siliceous organ- 
isms. 

There is a considerable quantity of manganese in the 
form of little black grains. There arc also many pellets 
of pumice from 1 to 6 mm. in diameter. 

100-00 

(3*00 %), Radiolaria,. Ithizani- 
mi7ia alg&farmis , Lituolidoe, 
Diatoms. 

(6-00 %), m. di. 0*10 ram., 
angular ; pumice, scoriae, 
plagioolose, black or brownish 
. volcanic glass, magnetite, 
pyroxene. 

(92 00 %), muoli fine amorphous 
chocolate coloured matter, 
minute mineral and siliceous 
remains. 

The deposit doeB not efiorvesco with acid. The micro- 
scope reveals only one or two small teeth of fish, 
Particles of pumice and grains of manganese are 
abundant. There are remains of the large cylindrical 
Diatom, Ethmodiscus. 


Admiralty Islands to Yokohama — continued. 


Admiral^ Islands to 
Yokohama— continued. 
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THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 81 and 85, and Diagram 16. 
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Date. 

POBltlOlL 

fg 

S3 

Temperature 
of the Sea- 
water 
(Pahr.). 

Designation and Physical Characters, 

CARBONATE OP CALCIUM, 

gs 



ss E 

ottom & 

SSI 


Per cent 

yoraminlfera. 

Other Organisms. 

' 280 

1875 
April 5 

o i n 

26 29 0 N. 
137 57 0 E. 

2125 

o 

85-6 

a 

68-5 

Red Clay, similar to the last, 
fine grained, coherent, choco- 
late coloured and plastic whan 
wet. 



... 

281 

„ » 

31 8 ON. 
187 8 0 E. 

2250 

36*2 

64-0 

Blue Mud, hlna-gray, fine 

grained, coherent, presenting 
no macroscopic elements, 

breaking up readily in water. 

truce 

•Globigerinidffi. 

... 

' 232 

May 12 

86 11 0 N. 
139 28 0 R. 

845 

41*1 

. 

04 ‘2 

Green Mud, green-grey, earthy, 
slightly coherent, breaking up 
readily in water, containing 
shells.. 

Residue dark green with 
brown tinge. 

8*29 

(1 *00 %), Globigerinidre, Pul- 
vinulma. 

(1*00 %), Textularid®, Rotalidoa. 

(1 *29 %), Ostraoodes, Eohino- 
derm fragments, Coccolitlis. 

283 


34 89 0 N. 
135 14 0 E. 

8 


62-3 

Blue Mud, light blue- grey, 
slightly coherent, breaking up 
with difficulty in water. 

Residue green. 

11 '32 

A few Rotalia. 

(11*82 %), Gasteropoda, Lamelli- 
brancks, Ostracodes, Echino- 
derm fragments. 

28 S A 

» 19 

34 38 0 N. 
135 1 0 E. 

50 

... 

02-0 

Sand. 

... 

... 

... 

233b 

3 

|. 283o 

a - 

5 

„ 20 

„ 2S 

34 18 0 3ST- 
133 35 0 E. 
34 18 0 K. 
138 21 0 E. 

15 

12 

59-9 

66*3 

00-8 

] Blue Muds, light blue-grey, 
coherent, breaking up with 
[ difficulty in water, plastic 
when wet 

J Residue daik blue-grey. 

4*29 

(1 *00 %), Miliolidse, Rotalidee. 

i 

(3*29 %), Bentalium, Gastero- 
poda, Lamellibranchs, Ostra- 
oodes, Echinoderm fragments. 

284 

June 3 

82 81 ON. 
135 89 0 E. 

2075 

85*8 

09-6 

Blue Mud, light blue-grey, 
slightly coherent, fine grained, 
breaking up readily in water, 
dark blue-grey ana somewhat 
plastic when wet 

Residue dark blue-grey. 

trace 

GlobigerLna l>ullcidea s Bulimina 
ovata. 

... 

235 

1 

„ 4 

34 7 ON. 
138 0 OE. 

605 

38*1 

78-0 

Green Mud, light green-grey, 
slightly coherent, breaking up 
in water. 

Residue green. 

[5*00] 

(2*00 %), Globigeiinid®, Pulvinu- 
Ivruz menardii. 

(1*00 %), Bolivina textilarioides , 
Lag&nidffi, Truncatulina pyg- 
7nma. 

(2 00 /£) Ostraoodes, Echino- 
denn fragments, Ooccoliths, . 
Rhabdolxths. 



REPORT- ON THE DEEP-SEA DEPOSITS. 
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Residue. 

Additional Observations. 

Per cent. 

Siliceous Organisms. 

Minerals 

Fine Waaliinffa. 


100*00 

(8-00 %), Radiolaria, Astror- 
hizidro, Troclwmmina, trul- 
lissata, Diatoms. 

(10*00 %), m. dL 0-10 mm., 
angular ; almost entirely 
composed of microscopic 
splinters of brown volcanic 
sooriaceous glass (volcanic 
ash), plagioclase, magnetite. 

(82-00 %), rauoh amorphous 
matter, fine mineral ami 
siliceous remains. 

A considerable quantity of the deposit was obtained in 
the tube. The minerals consist mainly of broken down 
scoriae. In the trawl were about a dozen pieces of 
pumice stone, averaging an inch (25 mm.) in diameter ; 
these fragments are impregnated with manganese and 
overgrown with B’yperammina vagans ; to one was 
attached a small Brachiopod. 

100*00 

(16*00 %), Radiolaria, Astror- 
hizidce, Lituolidee, Gaudvywia 
sipTumella, Diatoms. 

(10-00 %), m. di. 0*10 mm., 
angular ; pumice fragments, 
sconce, felspar, plagiodase, 
hornblende, augite, magne- 
tite, altered microscopic frag- 
ments of voloanio rocks. 

(75 '00 %), much fine amorphous 
matter, minute mineral and 
siliceous remains. 

The upper portion of the deposit was red, the lower a 
blue colour. A great many Diatoms and Radiolaria 
• are present ; one fragment of pumice, 0 *5 cm. in dia- 
meter, was noticed. 

96*71 

(3*00 %), Sponge spicules,. Seg- 
ments of Radiolaria, a few 
costs, Diatoms. 

(80*00 %), m. di. 0*20 mm., 
angular ; felspar, plagioclase, 
magnetite, augite, horn- 
blende, glauoonite, quartz, 
fragments of volcauio glass 
and pumice. 

(18*71 %), a small quantity of 
amorphous matter; minute 
particles of volcanic minerals 
and siliceous organisms. 

Some of the mineral particles are coated with manganese. 
Some fragments of rocks measure about 0*6 om. in dia- 
meter. Among the minerals there are a large number of 
lapilli of black voloanio glass more or less rounded and 
vesicular, measuring from 1 to 2 mm. in diameter. A 
few pale green oasts of Foraminifera remained after 
treatment with acid. 

88-68 

(10-00 %), Sponge spicules, 
Kaptophragmium ccmariensis, 
Diatoms. 

(60*00 %), m. di 0*10 mm., 
angular and rounded ; quartz,, 
felspar, white and green mica 
sometimes altered, horn- 
blende, rarely augite, zircon, 
chlorite. 

(28-08 %), fine mineral particles, 
amorphous matter,, and sili- 
ceous remains. 

The mud proper showB only one or two points of efferves- 
cence when treated with dilute acid. Mixed with the 
mud are large Lomelli branch shells, twigs, &c. A 
great many Diatoms ore present. The felspar is often 
kaolinised. 





The dredge brought up several rounded fragments of 
rocks and irregular masses, of conglomerate, the latter 
made up of smaller rock fragments cemented together 
by calcareous organisms ; all these were overgrown 
with Serpula, Bcdanna, Polyzoa, Corals, and Molluscs. 

95*71 

(2*00 %), Radiolaria, Sponge 
spicules, Diatoms. 

(40*00 %), m. di 0*30 mim, 
rounded and angular j quartz, 
plagioclase, orthoclase, altered 
felspar, white mioa, horn- 
blende, tourmaline, zircon. 

(63 ‘71 %), fine mineral particles, 
some clayey matter, and 
remains of siliceous organisms. 

Those and other soundings in the Inland Sea gave a 
sticky Blue Mud. The washings of a large quantity 
of this mud consisted of a number of broken and dead 
Gasteropod, Lamellibranch, an d Bentalium shells with 
a few mliolidffl and Rotalidce, There are many 
Diatoms present in the mud as -well as on the surface. 
Shells of pelagic Foraminifera and Pteropods are 
apparently absent in these deposits.. 

100*00' 

(3-00%), Radiolaria,. Sponge 
spicules, Diatoms. 

(15-00 %), m. di. 0*06 mm., 
angular, rounded, felspar, 
mica, magnetite, glassy 

particles, coloured altered 
glassy particles, hornblende.. 

(82*00 %), fine mineral frag- 
ments, Diatom and other 
siliceous remains, a small 
quantity of fine amorphous 
material. 

Only traces of. the bottom came up on the outside 
or the tube, but in- the water-bottle was a quantity 
of Blue Mud, having streaks here and there of a red. 
tinge. The great mass of the washings consists of fine 
mineral particles, remains of Diatoms and Radiolaria. 
Only one or two GlbMgerma shells were observed and 
those small. Among the Radiolaria were noticed several 
specimens of Challmgeria tizardL. 

[05*00] 

(6*00 %), Radiolaria, Sponge 
spicules, casta of Foraminifera, 
Diatoms. 

(60*00 %), m. di. 0*20 mm., 
angular; plagioclase, felspar, 
quartz, augite, magnetic par- 
tides, pumice, glauoonite, 
fragments of volcanic rocks. 

(80-00 %), fine amorphous 
matter, minute mineral and 
siliceous remains. 

No mud was obtained from the sounding tube or trawl, 
but in the trawl were three or four pieces of pumice, 
and about the bases of some Actinias were traces of the 
bottom. Worm-tubes were present After treatment 
with acid a good many light and dark green casts of 
Foraminifera ore observed. The percentages have been 
approximated, there being too small a quantity for 
analysis. 


Off Japan, 




Yokohama to Sandwich Islands, Off Japan-amiiawaf . 


THE VOYAGE OE H.M.S. CHALLENGER. 


See Charts 36 and 35, and Diagram 17. 
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i 

Date. 

Position. 


Temperature 
of the Sea- 

(Fahr.). Designation and Physical Characters. 


OABB0NATH OP CALCIUM. 


Foromlnifera. 


Other Organisms. 


236 Juim 6 84 68 ON. 776 87 '0 60 '6 1 Ghbeit Muds, green, slightly trace Qlobig&rina t Lagenidee, Bitii/inina, Echini spines, Coccolitha. 

139 29 0 E. [ coherent, breaking up in irdUxtou 

280A « 5 84 69 OK. 420 00*6 ( water. 

189 31 0 E. j Residue dark groen. 


*287 ,, 17 34 87 OK. 1876 86-3 73-0 Both Mud, with a reddish tot- 4 '46 (1'46 %), Glohigerinidas, Pulvimi- (2 '00 %), Otoliths and vertebra 

140 sa u face layer, when dry grey-blue, lino, of fish, Oepliolopod beaks, 

slightly coherent, granular. (1-00 %), Miliolid®, Textnlarid®, Pteropod and Heteropod frag- 

Residue bluish. Lagenidae, Rotalidse, Knmmu- ments, Echini spines. 


288 „ 18 35 18 OK. 8050 36*0 70*5 Red Clay, red-grey when dry, 

144 8 0 E. coherent, fine grained, pre- ! 

sen ting no macroscopic ele- 
ments, breaking up in water, 
dark brown when wet. 


,, 19 36 18 OK. 8025 35*1 70*2 Boro Olay, light red-grey when ! 

147 9 0 E. dry, coherent, fine grained, j 

presenting no macroscopic 
elements, breaking up in water, , 
4 Bomewhat plastic and red 

coloured when wet. 


+240 „ 21 85 20 OK. 2900 Si-fi 64*8 Red Clay, light red-grey when 

IBS 39 0 E. dry, coherent, fine grained, 

breaking np in water, dark 
red when wet 


? 41 ” 28 off’ 2800 361 69 Clay, the upper layers red- 17*29 (10*00 %), Globigerinidee, Pul- (4*29%), Brachiopods, Ostra- 

157 42 0 E - ^h, tha deeper layers greyish vinukna. codes Echini spinel, a few 

and more compaot, when dry (8 '00 %), Miliolid®, Textularidte, Oooeolitha. 

yellowish grey, slightly co- Lagenidee, Rotalid®, Kum- 

herent. mtUinide. 

Residue chocolate coloured. 


242 „ 24 36 29 OK. 2675 36*1 88*6 Red Clay, red-brown, unctuous trace A few broken fragments of Globi- A fragment of Icunthma. 

loi 04 u it to the touch, slightly coherent, gerina, one or two very minute 

fine grained, lustrous streak. Truncctiidiiia pygmeea. 


* See PL SI. fig. 2. 


+ See Pl. XXYII. fig. 8. 


t See anaL 14, 80 ; PL I. figs. 7, 8. 





REPORT ON THE DEEP-SEA DEPOSITS. 


Additional Obsbbvations. 


Silloeous Organisms, 


Pine Washings. 


(6*00 %), Spongo epiouloB, Rndio- 
laria, coats of Foraminifera, 
Diatoms. 


(00*00 %), m. cli. 0*20 mm., 
angular ; felspar, plagioclaso, 
pumioo, augite, quartz, mag- 
netite. 


(35 *00 %), amorphous matter, 
lino mineral and. siliceous re- 


Green casts of Foraminifera are left after treatment with 
add. In the trawl at the latter depth there were some 
very large hardened pieces of the bottom. These were 
perforated by worms and in some coses slightly coated 
with manganese, In the cup of the lead were several 
hardened clay nodules, ana rather angular pebbles. 
The minerals are of volcanic origin. 


96-65 (5 ‘00 %), Radiolaria, 

hizidio, Lituolidffl, 
spicules, Diatoms. 


Astror- 

Spougo 


(30*00 %), m. di. 0*15 mm., 
angular; almost all volcanic 
minerals, monoclinio and 
triolinio felspars, augite, horn- 
blende, magnetite, fragments 
of black vesicular glass, pum- 
ioe, block mica, manganese. 


(00*56 %), amorphous matter, 
minute fragments of minerals 
and siliceous organisms. 


The trawl brought up many animals, much mud, several 
pumice stones, and many large blocks having the 
same mineralogical composition and clastic elements 
qs the mud itself ; these appear to be indeed simply 
hardened or conglomerated portions of the deposit. 
In these conglomerated portions there are fragments of 
plagioolase coated with glassy mattter, splinters of 
augite and hornblende, mngnetite, fragments or lapilli 
of basaltic rocks, vesicular or massive, and opaque 
splinters of pumice filled with microliths. In the wash- 
ings of the mud were many arenaceous Foraminifera. 


3 *00 %), Sponge spicules, 
Radiolaria, Jtcophaa ; nodulosa, 
Diutoms. 


(10-00%), m. di. 0*07 mm., (82*00 %), much amorphous No blue lower layer was observed in the deposit, as was 


angular; felspar, plagioolase, 
augite, magnetite, glassy 
volcanic splinters. 


mattor, fine mineral frag- 
ments. 


the case in the bottoms taken in the Japan stream. 
The deposit is a Red Clay, intermixed with which are 
remains of siliceous organisms, broken down pumice, 
and volcanic mineral particles. 


(3*00 %), Radiolaria, ItcopJiax 
nodal-ana, Diutoms. 


(10*00 %), m. dL 0*10 mm,, 
angular ; plagioclaso, felspar, 
puinico, scoiiui, magnetite, 
palagonito, augite, man- 
ganese grains, olivine, micro- 
scopic lapilli. 


(87*00 %), much amorphous 
red coloured matter, mineral 
and siliceous remains. 


A considerable quantity of pumice is present; two pieces, 
about the size of a bean, quite black on the outside, 
were obtained on washing a quantity of the clay. The 
siliceous organisms do not seem to ho so abundant as 
in the previous sounding. Among the washings were 
numerous black particles of manganese. 


100-00 (5*00 %), Radiol a rill, Sponge 

spicules, JiJmbtianmina , Lit- 
uolidiu, Diatoms, 


(5*00 %), m. dl. 0‘07 min., anpu- 
lar; pliigioolaso, piunice, 
seoriiu, glossy volcanic parti- 
cles, magnetite, augite, pala- 
gouite. 


(90*00 %), much red amorphous 
matter, siliceous and mineral 
remains. 


This deposit is similar to that obtained at the last station, 
but the siliceous organisms seem to bo more abundant. 
In the clay were worm-tubes much impregnated with 
manganese, also several blackened pieces of pumice 
about the size of a pea. The minerals are chiefly 
broken down pumioo. 


82*71 (15*00 %), Radiolaria, Astror- 

hizidie, Lituolidio, Diatoms, 


(10*00 %), m. di. 0*10 mm., 
angular ; felspar, chiefly 
monoclinic with numerous 
vitreous inclusions, augite, 
more rarely hornblende, 
inagnetito, numerous frag- 
ments of pumice, manganese. 


(67*71 %), amorphous mattor, 
numerous small vitreous frag- 
ments, lino minoral particles, 
fragments of siliceous organ- 
isms. 


The trawl brought up many hundreds of pumice stones 
and many animals. The tow-nets attached to' the beam 
of the trawl were filled with fine soft clay. The 
arenaceous Foraminifera are very abundant ana macro- 
scopic. About fifty of the fragments of pumioo had a 
diameter of from 8 to 15 cm. The majority were 
about 5 cm., but fragments of all sizes were abundant, 
down to small microscopic particles, those of the larger 
size being generally loss decomposed than the smaller 
ones. Mioroscopio sections of these pumice stones 
show vitreous basis, sonidine, plagioolase, and augite. 


100*00 (3*00 %), Radiolaria, iraplo- 

phragmium latuiomitum, Dia- 
toms. 


(5*00 %), m. di. 010 mm., 
angular ; plagiocluso, augite, 
puuiieo, some rounded gi-uius 
of quartz. 


(92*00 %), much fine reddish 
clayey matter, small particles 
of volcanic minerals . and 
pumice, fragments of siliceous 
organisms. 


There was a small quantity of the deposit in the sounding 
tube, and also a small quantity and two small man- 
ganese nodules in the water-bottle. The nodules had 
a nucleus of altered pumice, and a coating of manganese 
| an eighth of an inch (3 mm. ) in thickness. 


(deep-sea DEPOSITS OHALIi, EXP. — 1890 .) 


Off Japan — cvniinusd. Yokohama to Sandwich Islands. 





Yokohama to Sandwich Mam 


THE VOYAGE OE H.M.S. CHALLENGER. 


See Chart 88, and Diagrams 17 and 18. 


« . Temperature 

® . £ S3 oi the Sea- ' 

|| Bate. Position. fj <5^*, 

™ Bottoml Surface 



CUnBOKATH or Oaloium. 


Poraminifera. 


Other Organisms. 


1876 ° ' " 

248 June 26 86 24 ON. 2800 85‘0 71 -0 Red Clay. 

160 85 0 E 


244 28 86 22 ON. 2900 86*8 70 ‘6 Red Olay, reddish or light trace Glob^erinidee, MUioUna, Textu- Small teeth offish, fmgmonts of 

109 53 0 E brawn when dry, coherent, landed Lagenid®, Rotalidee. Pteropods and Polyzoa. 

fine grained, soft to the touch. 


246 ,, 30 86 28 0 N. 2775 84*9 69*0 Red Clay, light red-grey when trace 

174 81 0 E. dry, coherent, very fine 

grained, breaking tip readily In 
water, presenting no macro- 
scopic elements, chocolate 
coloured and plastic when wet.. 

*! # 246 July 2 80 10 ON- 2060 86*1 78*0 Globigerina Ooze, brownish 50-07 

*-g 178 0 0 E. when wet, plastic, grey when 

§ dry, slightly coherent. 

T KesiaTie brownish. 


One or two broken fragments of 
Bilbmdmcu 


(86*00 %), Globigerinidne, Pul - (10-07 %), small teeth and 

rinulim. _ t otoliths of fish, Bmchiopoils, 

(5*00 %), Miliolidee, Textularidce, Dentaliwm , Gasteropoda, 

Lagenidee, Rotohdce, Num- Lamellibrauohs, Pteropods, 

mulinidffi. Eohinodem t fragments, Alcy- 

onarian spioules, a few Cooco- 
liths. 


247 f , 8 1 ^5*2 Red Clay, upper layer dark red, 10-06 

179 67 0 w . lower layer much lighter, fine 

grained, presenting no macro- 
scopic elements, coherent, 
breaking up in water. 

Residue red-brown. 


(6'00 %), Globigerinidee, PuZ - (2 -06 %), Echini spines. Cocoo- 
mnuhncL. liths. 

(2*00 %), Miliolidte, Bulimina 
elegam, Lagenid©, Rotalidee, 

Nonionvm umbilicatvla. 


I ^48 it 5 87 41 ON* 2900 36 '1 69*2 Red Olay, brown-red, unctuous trace 

j 177 4 0W* when wet, yellowish brown 

'when dry, coherent, sublna- 
trous streak. 


of QloUgerina. Small teeth of fish, a few frag- 
ments of Pteropods. 


249 „ 7 87 69 0 K, 8000 85-2 6R-2 Ebd Clay. 

171 48 0W. 


trace Spvroloailim tenui*. 


165 4? Q*W 8t>5 ° 86 0 6B *° ^ht md-OTey, co- trace SpirofovuMiM temfa 

u w. herent, fine grained, dark red 

when wet 

2E1 .. 10 ^ 87 OS. mo 86-1 66-0 Era Olay, light xed-grey, oo- ... 

• herent, fine grained, tight red- 

. brown, unctuous, and plastic 

when wet. 


* See anal. 46, 77; PI. I figs. 1, 2, 8, 4. 


1 2- 1 

t Sea anaL 102; PL I figs. 6, 6; PI. II. figs. 1, 2, 2 a, 4; PI. IS. fig. 4. 







REPORT ON THE DEEP-SEA DEPOSITS. 


115 



♦ 

-Residue. 


Additional observations. 

For cent. 

Siliceous Organisms. 

Minerals. 

Fine ‘Washings. 


... 

... 

... 

... 

Ho deposit came up in the sounding tube or water-bottle. 
On allowing the water to settle, some fine red amor- 
phous particles and a few black mineral grains col- 
lected, but nothing farther wub obtained to indicate the 
nature of the bottom. 

100-00 

(1*00 %), a few Radiolaria, 
Astrorhizidce, Lituolidse, Dia- 
toms. 

(1-00 %), m. di. 0*00 mm., 
angular ; felspar, Banidine, 
pumice, magnetite, manga- 
nese grains, cosmio spherules. 

(98*00 %), amorphous matter, 
fragments of siliceous organ- 
isms, minute fragments of 
minerals. 

The trawl brought up a large quantity of the day, a 
number of animals, and many pumice stones mostly sur- 
rounded with concentric deposits of manganese. The 
pumice contains very large orystals of sanidine, plagio- 
clase, and augite. The carbonate of lime organisms 
mentioned are extremely rare, being obtained from the 
washings of a large quantity of the deposit The 
Pteropods and Globigennidee may have been caught by 
the nets on their way towards the surface. 

100*00 

(1*00 %), Radiolaria, Booplme 
nodulpsa , Diatoms. 

(1-00 %), m, di. 0-06 mm., 
angular ; volcanic minerals, 
plagioclose, augite, magnetite, 
pumice, manganese grains. 

(98*00 %), much amorphous 
chocolate coloured matter, 
mineral and siliceous remains. 

A piece of black manganese about the size of a bean, 
and many smaller pieces, were observed. 

43*93 

(6-00 %), Radiolaria, Sponge 
spiculeB, Astrorhizidm, Litu- 
olidm, Diatoms. 

(1*00 %), m. di. 0*00 mm., 
angular ; sanidine, plagio- 
clnse, augite, magnetite, frag- 
ments of pumice, greenish 
volcanic glass, black and 
reddish grains of manganese. 

(37*93 %), amorphous matter, 
minute fragments of minerals 
and siliceous organisms. 

The trawl brought up much ooze, many pumice stones, 
and a large number of animals. There were several 
hundreds of rounded fragments of pumice, containing 
large crystals of sanidine, plagioclase, and augite ; 
about thirty of the largest had an average diameter of 

80 cm., and a very large number about 2 cm. in diameter. 
One or two Pteropoa, Heteropod, and Ianthina shells 
wore noticed in the washings of a large quantity. 

89*94 

(fi'OO %), Radiolaria, Sponge 
spicules, Diatoms. 

(1-00 %), in. di. 0*00 mm., 
angular ; manganese grains, 
felspar, glassy volcanic frag- 
ments, magnetite, palagonite, 
hornblende, black mica. 

(83*94 %), much red or yellow- 
rod amorphous matter, minute 
remains of siliceous organisms 
and minerals. 

There was a considerable quantity of clay in the tube. 
The colour was lighter than in the Inst lew soundings. 
The upper portion, one inch thick, was red and con- 
tained no calcareous organisms, while the lower part of 
the tube was filled with a light coloured mud con- 
taining the organisms indicated in the description. 

100*00 

(10-00 %), Rudiolnria, Astror- 
hizidns, Lituolidw, Diatoms. 

(5*00 %), m. di. 0*15 mm., 
angular ; hornblende often 
surrounded with gloss, mag- 
netic oxide of iron abundant 
and often in crystals, frag- 
ments of pumice, manganese 
groins. 

(85*00 %), amorphous matter, 
fragments of minerals and 
siliceous organisms. 

The trawl came up tom but contained much clay, 
many manganese nodules, pumice stones, and several 
animals. The carbonate of lime organisms are 

extremely Tare and fragmentary (see remarks, St. 244), 

One large tooth of Lamm , and several smaller teeth, 
were obtained. 

... 

Radiolaria, Diatoms. 

Palagonito, felspar, manganese 
groins. 


Ho deposit came up in the tube. The instrument had 
been buried 18 inches into the clay, and enough of the 
bottom was obtained to define its nature ; there was, 
however, insufficient for a detailed description. Radio- 
laria are evidently abundant 

100*00 

(10*00 %), Radiolaria, Diatoms. 

(1*00 %), m. di. 0*00 mm., 
angular ; felspar, phillipsite, 
mica, magnetite, hornblende, 
manganese grains. 

(89*00 %), much yellow-red 
amorpnous matter, siliceous 
and mineral remains. 

The bottom was a Red Olay with a few patches of white 
or lighter coloured material near the bottom. There 
are no traces of calcareous organisms, but Radiolaria 
are abundant. 

100*00 

(10*00 %), Radiolaria, Sponge 
spicules, Jlurmooina carpen- 
leri, Diatoms. 

(1*00%), m. di. 0*07 mm., 
angular; volcanic glasB, scorim, 
pumice, manganese grains, 
felspar, palagonite. 

(89*00 %), much red amorphous ; 
matter, mineral and siliceous 
remains. 

About a quart (over a litre) of the clay came up in the 
tube; it was of a uniform character throughout 

* 
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See Chart 86, and Diagrams 18 and 19. 


Number ol 
Station. 

Date. 

Position. 

H 

U 

i 

Temperature 
of the Sea- 
water 
(Fahr.). 

Designation and Physical Characters. 

Carbonate op Oalojuje. 

• 



Bottom 

Surface 


Per cent 

Foramlnifera. 

Other Organisms. 

*252 

1876 
July 12 

o in 

87 62 0 tf. 
160 17 0 W. 

2740 

0 

86-8 

D 

66-0 

Red Clay, reddish or light 
brown, plastic, fine grained, 
grey-brown when dry, break- 
ing up with difficulty in 
water. 

trace 

... 

A few small teeth of fish., 

+268 

„ u 

88 9 OH. 
166 26 OV 

8125 

85*1 

67-7 

Ran Clay, red-brown when wet, 
unctuous, yellowish brown 
when dry, coherent, breaking 
up with difficulty in water, 
lustrous streak. 

trace 

A few Gloligerim Mili - 

olina* 

... 

264 

„ 17 

86 18 0 H. 
164 48 Of, 

3025 

85*0 

72-0 

Red. Olay, light red-grey when 
dry, fine grained, coherent, 
lustrous streak, breaking up 
with great difficulty in water, 
plastic, unctuous, light red- 
brown when wet. 

- 

... 


255 

„ 19 

82 28 0 N. 
164 88 0 W. 

2860 

85*0 

74*0 

Red Clay, light red-grey when 
dry, coherent, fine grained, 
unctuous, plastic, ana light 
red coloured when wet. 


... 


$256 

. „ 21 

80 22 0 H. 
164 66 0 W. 

2960 

85*2 

74*0 ' 

Rbd Olay, light red-grey, co- 
herent, fine grained, lustrous 
streak, breaking up readily in 
water, dark red-brown when 
wet. 

trace 

One or two fragments of GloM- 
gerina, Truncatulina pygnum. 

Small teeth of fish (shark). 

257 

„ 23 

27 83 0 N. 
164 66 0 W. 

2875 

84*9 

76*6 

Red Clay, light red colour. 

1 

... 


... 

258 

24 

26 11 0 N. 
166 12 Of, 

2775 

85 '2 

1 

77*0 

Red Olay, brown-grey, coherent, 
fine grained, breaking up with 
difficulty in water, red-brown 
and plastic when wet. 

trace 


A few small teeth of fish (shark). 

m 

i 

i 

„ 26 

23 8 ON, 
166 6 0V7. 

• 

2226 

84*9 

77*0 

Red Clay, light brown with red 
tinge, coherent, fine grained, 
breaking up in water, dark 
brown, plastic, and unctuous 
when wet 

trace 


Small teeth- of fish. 


1 1®! ana }- !??• lO^jLOS^KMj P1 - III- figs- 6 , 6; pi. IV. fig. 1; PI. IX. figs. 7, 7a. 
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m 

ItHSTDCTlL 


Additional Observations. 

Per oent. | 

BQlooous Organisms. 

Minerals. 

Fine ■Washings. 


100*00 

(8*00 %), Radiolaria, a few 
Sponge spicules, Diatoms. 

(1-00%), m. di. 0-08 mm., 
angular; sanidine, magnetite, 
hornblende, manganese grains, 
one microscopic crystal of 
quartz observed, cosmio 
spherules. 

(96*00 %), amorphous matter, 
very many fine mineral 
particles, glassy fragments, 
and fragments of siliceous 
organisms. 

The deposit does not effervesce when treated with adds, ' 
and no oarhonate of lime organisms are observed when 
examined by the microscope, with the exception of a 
few small teeth of fish. The trawl was much tom 
when it came up, but contained a quantity of man- 
ganese nodules. The nuclei of the nodules consist of 
pumice, volcanic glass, and Garchdrodon teeth. 

100*00 

(2 ’00%), Radiolaria, arenaceous 
Foraminifera, Sponge spicules, 
Diatoms. 

(1*00%), m. di 0*06 mm., 
angular ; felspar, hornblende, 
magnetite, manganese,, pu- 
mice. 

(97*00 %), very many fine 
mineral particles, glassy frag- 
ments, fragments of siliceous 
organisms, some amorphous 
matter*. 

A small dredge was used with swabs, and a tow-net 
was attached to the dredge and another at the weights. 
There were some day ana manganese nodules in both 
the dredge and tow-nets. In the washings of a large 
quantity of this deposit there were observed one or 
two Qhhigerima infiaia, and their broken remains, a 
few _ specimens of Miliolina and arenaceous Fora- 
minifara. 

100*00 

(1*00 %), Badiolaria, Sponge 
spicules, Diatoms, 

(1*00%), m. di 0*08 m, 
angular; broken down pumice, 
felspar, glassy volcanic par- 
ticles, hornblende, palagonite, 
magnetite. 

(98*00 %), much Ted coloured 
amorphous matter, fine pumice 
and minerals, siliceoHa re- 
mains. 

A laTge quantity of the olay came up, and in the water- 
bottle there was a twin nodule of manganese abont 

1£ inches (88 mm.) in largest diameter. An upper and 
lower side of the nodule can he seen ; it was covered 
with a reticulated Rhizopod, probably Bhiaammina 
algmf&rrrm. 

100*00 

* 

(1 *00 %), Radiolarian fragments. 

(1-00%), m. di 0-00 mm., 
angular; pumice, plagioclaBe, 
felspar, manganese grains, 
volcanic glass, hornblende, 
augite, palagonite, magnetite. 

(98*00 %), much amorphous 
matter, fine mineral particles 
and a few Radiolarian re- 
mains. 

■The deposit obtained at this station is, in every respect, 
similar to the previous one. The washings consist 
largely of broken down pumice. Among the minerals 
are many manganese grams. 

100 '00 

(1-00 %), Badiolaria, Sponge 
spicules, Trochammina, trul- 
Imata. 

(1*00 %), m. di 0-08 mm., 
angular ; felspar, volcanic 
glass, black mica, hornblende, 
magnetite, manganese grains, 
palagonite. 

(98-00 '%), much amorphous 
matter, fine pumice and other 
mineral particles and sili- 
ceous remains. 

A large quantity of the deposit was obtained from the 
dredge. The greater part was sifted and all passed - 
through the finest sieves, with the exception of some 
manganese nodules and sharks’ teeth^ . one piece of 
pumice, about the size of a pigeon’s egg, some smaller . 
pieces of pumioe, a few worm-tubas, and three or four/ 
Foraminifera. The sharks’ teeth have a thick coating , 
of manganese. . One of the pieces of pumice- wasred in ■ 
colour and appeared to be undergoing alteration. 





The valves of the sounding tube had become jammsd andi 
consequently had not opened on reaching the bottom. 

The outside of the tube was marked for nearly 2 feet 
with clay of a red colour, and enough was scraped > off 
with the finger for rough examination. This indicated 
much the same bottom as the last, the great propor- 
tion being pumice in a very fine, state of division, and 
there were pieees of black manganese and Radiolarian 
remains. 

100-00 

100-00 

(1-00 %), Sponge spiculos, a few 
Radiolaria, Astrorliizidro. 

(1*00 %), a few Radiolaria, 
Tihizammina alg&formw, 

Haplophragmium laMdor - 

satum. 

(1*00%), m. di 0-0ff mm., 
angular; felspar, glassy volcanic 
particles, magnetite, augite, 
vesicular lapifli, hornblende, 
manganese grains. 

(1*00%), m. di. 0*06 mm., 
angular ; vesicular lapilli, 
plagioclose, felspar, volcanic 
glass, magnetite, hornblende, 
augite, palagonite, olivine, 
glauconite. 

(98*00 %), much amorphous 
matter (pumice), mineral 
and siliceous remains. 

(08-00 %), much red-brown 
amorphous matter, disinteg- 
rated pumice, fine minerals, 
and remains of siliceous 
organisms. 

About a pint (over half a litte) of the olay of a uniform 
character came up in the sounding tube. It was of a 
similar nature to the last two or three soundings. 

A considerable quantity of the bottom was obtained in 
the sounding tube ; it was composed chiefly of red and 
brown amorphous matter, disintegrated pumice, and 
volcanic ashes. Several pieces of pumice, about the 
Bize of a pea, were obtained when washing a quantity of 
the clay. 
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0 




So 

11 

ft® 

Date. 

Portion. 

|| 1 


Temperature 
of the Sea- 


Bealgnation and Physical Characters, 


Oarbohate OB’ OALOrtJM. 


Bottom Surface 


Roramintfera. 


Other Organisms. 


200 July 27 21 11 0 K 810 44*0 70*8 Yoloanio Mud, 

157 2.7 0W. 


31 Ofi Honolulu, 20-40 
near the reefs. 


Aug. 8 Beach Sand, 
Diamond Point. 


Coral Sand, light yellow-grey, 
free, formed chiefly of frag- 
ments of calcareous Algse and 
Eoraminifera. 

Residue dark grey. 


Calcareous Sand, light yellow- 
grey, fine white and brown 
particles. 

Residue dark brown-grey. 


88‘64 (8 '00 %), O-lobigerinidiB. (40*64 %), Seryula y fragments of 

(45 ’00 %), Mmolidoe, Textu- Gasteropoda, Lamcllibranchs, 
larid©, ■ Rotalidss, Nummu- and Ptoropods, Ostracodes, 
linidae. Echinoderm fragments, Alcy- 

onarian spicules, Polyzoa, cal- 
careous AIgtB. 

39*70 (15;00%), Rotalidre, Nummu- (24*70 %), Gasteropoda, Lamelli- 

branch and Echinoderm frag, 
merits, calcareous Alg®. 


lit Honolulu Har- 4J 
bour. 


Yoloanio Mud, dark blue, un- 
ctuous, plastic, presenting no 
macroscopic elements, blue- 
grey and coherent when dry. 

Residue blaok. 


10-00 (5-00%), Miliolidffl, Bolivina (6*00%), Gasteropod andLomolli. 

(several species), Rotalidre, branch fragments, minute por- 
Hummulinidce. tions of calcareous Algae. 


N ummulinidoe. 


261 12 20 18 OK 2050 85*2 78*5 Yoloanio Mud. 

167 14 0YT. 


19 . Hilo Bay, 
Hawaii. 


Voloanio Mud, dark brown, fine 5*00 (2*00 %), Miliolidm, Rotalidm. 

framed, breaking up readily 
m water, slightly coherent. 

Residue dark brown. 


(3*00 %), Ostracodes, Echini 
spines, Polyzoa, calcareous 
AlgCB. 


•§ ] * 262 •• 20 iKA ia w 2876 85 2 77 ’ 5 Voloanio Mud, grey when dry, 

S 154 14 0W * gritty, breaking up on drying 

to an almost impalpable pew- 
’ll der, brown -grey when wet. 

J ■ 288 " 21 |? ?w' 2050 86-1 77-6 VoiaAino M ud, red-grey, slightly 

3 158S6 OW. coherent, gritty, prerentmg no 

macroscopic elements. 


I t2M ** 23 igo 87 Sw 3000 ® B ' 2 77 ' 5 ClA7 ’ 00 - trace 

* ® ■ herent, fine grained, presenting 

no macroscopic elements, 

1 i breaking up with difficulty in 

water, red-brown when wet. 


A few teeth of fish, Cephalopod 
beaks. 


* See PL XXYL fig 5, 


+ See PL XXY1I. fig. 1. 


t See anaL 109. 
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Residue. 


Per cent. 


Siliceous Organisms. 


Minerals. 


Pine Washings. 


Additional Observations. 


11*36 


60*24 


90*00 


95-00 


100*00 


100*00 


lQO'OO 


(8*00 %), Sponge spicules, Lituo- 
lidie, Diatoms. 


(1*00 %), one or two Diatoms. 


(1-00 %), Sponge spicules, one 
or two Diatoms. 


(3*00 %), Sponge spicules and 
Diatoms. 


(2-00 %), Radiolaria, Sponge 

spicules, JETaplophragmium 
latidormUm , Diatoms. 

(8-00%), Kadiolaria, Sponge 

spicules, Haplophragmivm 
latidoraatum, Trochcmmim 
trulliasata , Diatoms. 

(1*00 %), Sponge spicules, Radio- 
laria, AstrorhizidfE, Lituolid®, 
Diatoms. 


(2-00 %), m. dL 0*10 mm., 
rounded ; volcanic glass, 

felspar, magnetite, mica, 

hornblende, augite, pala- 

gonite, pumice. 


(68*00%), m. di 0*40 mm., 
angular and rounded ; olivine, 
felspar, augite, hornblende, 
magnetite. 


(6*00 %), m. dl 0*08 m, 
angular ; magnetite, plagio- 
clase, felspar, hornblende, 
augite, brown volcanic glass,, 
pumice, palagonite. a<j 


(20*00 %), m. di 010 mm., 
angular ; magnetite, plagio- 
clase, augite^ olivine, glassy 
volcanic particles, palagonite. 


(70*00 %), m. di. 0*12 mm, 
angular ; olivine, brown splin- 
ters of volcanic glass, plagio- 
clase, augite, magnetite. 

(60-00 %), m. di. 0'08 m, 
angular ; brown volcanic 
glass, plagioclase, magnetite, 
augite, hornblende, olivine, 
phillipsite. 

(1-00 %), m. di. 0*06 mm., 
angular ; felspar, palagonite, 
magnetite, hornblende, 
augite, black mica, phillipsite. 


(6*86 %), a small quantity of 
floeculent amorphous matter, 
mineral and siliceous remains. 


(1-24 %), amorphous floeculent 
matter and a few mineral 
remains, a few fragments of 
Diatoms. 


(84*00 %), a considerable 
quantity of blue coloured 
amorphous matter and minute 
mineral particles. 


(72*00 %), a considerable 
quantity of minute mineral 
fragments, some amorphous 
matter, and a few remains of 
siliceous organisms. 

(28-00 %), many fine mineral 
particles, a small quantity of 
amorphous matter. 

(47-00 %\ fine minerals, some 
amorphous matter, ana some 
siliceous remains. 


(98*00 %), mueh fine amorphous 
matter, remains of minerals 
and siliceous organisms. 


No trace of any kind came up in the tube to indicate the 
nature of the bottom. In the trawl were a piece of 
black volcanic ash and a portion of brandling coral 
(OorgoTuia ) ; on the iron of the beam was a trace of 
calcareous volcanic mud. 

All the minerals are of volcanic origin.. 


The white and red 
rounded, and meas 
minerals consist ali 
of olivine, and som 


The mud here describ 
of a dark blue colon 
small PoraBgM^ 
mixed up with del 
and coal from ships, 
as the ree£ for just < 

On treatment with sc 
hydrogen is liberated 

The tube came up quite empwj 
foot above the valves, there . 
reddish mud, containing many 
particles and many remains of siliceii^ 
eluding Diatoms. One piece of Gldbig . 
only evidence of carbonate of lime. 

The mud is chiefly composed of volcanic debris. 


Only a small quantity of the deposit came up in the tube. 
This consisted chiefly of volcanic debris ; some green 
crystalline particles had a coating of dull black. 

The deposit consists mainly of volcanic debris, mueh finer 
than at the previous station. There is also less olivine 
here than in the previous deposit 


The valves of the sounding tube had not opened, and con- 
sequently it contained no deposit.. The tube was 
coated on the outside for about two feet with Red Clay ; 
fhifl was scraped off and subjected to examination,- but 
gave no indication of carbonate of lime. Palagonite 
was abundant. In the bag of the trawl were seven or 
ei^ht pTpftll manganese nodules, and some small 
hardened pieces of the bottom, but no clay proper. 
Some pieces of the bottom had a slight coating of 
manganese, while others were perforated by worms, 
the tracks of which were, in some cases, coated with 
manganese. The manganese nodules were not of the 
usual rounded character but were veiy irregular. In 
addition to these there were small sharks’ teeth and 
Cephalopod beaks. 


t 
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See Chart 38, and Diagram 19. 


i! 

u 

Date. 

Position. 

ll 

si 

Temperature 
of the Sea- 
water 
(Mr.). 

Designation and Physical diameters. 

Carbonate or Oaioium. 




Bottom 

Surface 


Per cent. 

Poraminilera. 

Other Organisms. 

f *265 

1875 
Aug. 25 

o / « 

12 42 0 N, 
162 1 OW. 

2900 

p 

B5*0 

0 

79-2 

Badiolaiuan Ooze, rod-brown 
or chocolate coloured, soft to 
tho touch, homoganoous, red- 
dish when dry, breaking up 
with difficulty in water, co- 
lteront, pulverising to im- 
palpable powder, lustrous 
streak, 

trace 

Fragments of Globigerina and 
Pulvinulina, 

... 

+266 

.1 26 

11 7 ON. 
162 8 OW. 

2760 

35*1 

80*0 

Radiolaetan Ooze, light grey, 
.coherent, gritty, breaking up 
with diflioulty in water, red- 
brown when wet 

trace 


Small teeth of fish. 

287 

» 28 

9 28 ON. 
160 49 OW. 

2700 

36-0 

80*0 

Radiolaetan O 07,13, light yollow- 
groy, fino, coherent, presenting 
no macroscopic elements, yel- 
low-red when wet. 

trace 

■ 

Fragments of Pullmia obliqui- 
loculata. 


*268 

„ 80 

.7 85 ON. 
149 49 OW. 

2900 

34-8 

81'0 

Rad i ola xii an Ooze, red-brown 
when wot, due grained, red- 
grey when dry, breaking up on 
the lightest touch to an almost 
impalpable powder. 

traco 

... 

One or two small tooth of fish. 

269 

Sept 2 

6 64 ON. 
W 2 OW. 

2660 

36 ‘2 

81'2 

Radiqlarian Ooze, brown when 
wet, fine grained, coherent, 
light yellow-grey when dry, 
XJresenting no maoroscopio ’ 
elements. 

Residue rod-hrown. 

20*00 

(17*00 %), Globigerinidro, Pul- 
vinulina tumida, 

(1*00 %), Pullmia guinqueloba, 
Rotalideo, Nonionina umbili- 
catula. 

(2*00 %), small tooth of fish, 
Ostracode valves, Echini 
spines. 

. 

270 

„ i 

2 34 ON. 
149 9 OW. 

2926 

34*6 

79-6 

Globioeeina Ooze, white with 
light yellow tinge, slightly 
coherent, chalky. 

Residue pale fawn. 

71-47 

(86*00 %), Globigorinid®, Pul- 
vinulina, 

(1-00 %), Lagenidm, Rotalidro. 

(5*47 %), small teeth of fish, 
Echini spines, Cocooliths. 

§271 

„ 6 

0 33 OS. 
161 34 OW. 

2425 

36 ‘0 

78 '7 

Globioeeina Ooze, white, 
slightly coherent, chalky. 
Residue pale fawn. 

81 -27 

(70*00 %), Globigerinidre, Pul - 
vinulina, 

(3 *00 %), Miliolidre, Textular- 
idoo, Lagenidie, Rotalidee, 
Nummulmidtc. 

(8*27 %), small teeth of fish, 
Lamellibranchs, Ostracodes, 
Echinoderm fragments, Poly- 
zoa, Ooocoliths. 

272 

,, 8 

8 48 OS. 
152 66 OW. 

2600 

35*1 

79 '0 

Radiolarian Ooze, brown -grey, 
slightly coherent when dry, 
dark rod -brown when wet 
Residue dark red-brown. 

10-19 

(8'00 %), Globigorinidre, Pub 
vinulina tumida,. 

(2*19 %), teeth of fish, Echini 
spines, Cocooliths. 

278 

ij 

.. 9 

6.11 0 S. 
162 66 OW, 

* a * i < 

. 2860 

34*6 

80-7 

Radiolaeian Ooze, brown -grey 
when dry, slightly coherent, 
fine grained, presenting no 
macroscopic elements, dark 
brown when wot 

Residue dark rod-brown. 

2-00 

(1*00 %), Globigerinidre, Pub 
vinulina tumida . 

(1 *00 %), teeth of fish, Oocco- 
liths. 


+ Sea anal. 80. * See H. XV. fig. 4. § See PI. XV. figs. 2a, 2b. 
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Per oent. Siliceous Organisms. 


Pine Washings. 


Additional Observations. 


100 '00 (60-00 %), Radiolaria, very few (1*00 %), m. di. 0*06 mm., angu- 
. arenooeous . Foraminifera, lar j felspar, augite, horn- 

Spongo spicules, casts of blende, magnetite, small 

organisms, Diatoms. prismatic zeolitic crystals, 

manganese grains, magnetic 


(49*00 %), amorphous matter, 
minute fragments of pumice 
and other minerals, fragments 
of siliceous organisms. 


The dredge and the two tow-nets attached to it came up 
filled with the dark coloured ooze, from which were 
obtained a few sm all pieces of pumice and one man- 
ganese nodule. One or two fragments of Q-lobigerina 
and IhUvin'uZina were the only calcareous organisms 
observed. There are very many remains oi Efhmodiscua. 


100*00 (65*00 %), [Radiolaria, Sponge (1*00 %), m. di. 0*10 mm, angu- 
spioiiles, HMlophragmwm lar ; felspar, very few vol- 

latidorsatum , Diatoms. came particles. 

100*00 (50*00%), Badiolaria, Sponge (1*00 %), m. di. OTSmm., angu- 

spioules, Trocharrmvm ga - lar ; felspar, manganese 

feata, Diatoms. grains, magnetite, vmcanic 

particles. 

100*00 (66*00 %), Badiolaria, Diatoms. (1*00 %), m. di. 0*06 mm., angu- 

lar ; felspar, palagonite, man- 
ganese grains, black mioa, 
glassy volcanic particles. 

80*00 (60*00 %), Badiolaria, Sponge (1-00 %), in. di 0*10 mm., angu- 

spicides, Lituolidce, Diatoms. lar ; manganese grains, glassy 

particles, felspar, analcim, 
palagonite, magnetite. , 


(44*00 %), much amorphous 
matter, Radiolarian and other 
siliceous remains, some fine 
mineral partiolea. 

(49*00 %), muoh fine amorphous 
matter, Radiolarian and other 
siliceous remains, some 
mineral particles. 


(84*00 %), Radiolarian remains, 
amorphous matter, and a few 
mineral particles. 


(29'00 %), Radiolarian remains, 
amorphous matter, and some 
fine mineral fragments. 


The most of the ooze was of a red-brown colour, but 
there were some very light spots. Remains of Eth~ 
modiscus are abundant I 


Only a small quantity came up in the sounding tube, 
much lighter in colour than in the last few soundings. 
Much or the ooze was rolled in little pellets. Many I 
manganese grains were observed, one (broken) larger 
than a good sized marble. 

About a pint (over half a litre) of ooze of a red-brown colour 
came up in the tube ; near the top were some straw- 
coloured patches. The difference between the layer 
Beems to do due to the manganese. One spherical 
granulated manganese grain, about the size of a pea, 
was noticed. 

In the upper part of the tube were some yellow coloured 
patches indicating a surface layer about an inch in 
thickness. The colour appears to be due to the smaller 
number of manganese grains in the upper layer. The 
Foraminifera ore much corroded. 


(6-00 %), Radiolaria, Diatoms. 


18*73 (10*00 %), Radiolaria, Sponge 

Bpicules ( Hyalonwna ), Astror- 
liizidro, Lituolidm, Textu- 
laridro, Diatoms. 


(1*00 %), m. di. 0*06 mm., angu- (22*68 %), fine amorphom 
lar; a few glassy volcanic matter and remains of sili- 
particles, felspar, one or two ceous organisms, 
manganese grains. 


(22'68 %), fine amorphous There were about six inches (16 cm.) of ooze in the tube, 
matter and remains of sili- the lower part pure white and gradually becoming 
ceous organisms. brown on the upper surface. The white lower layer is 

a nearly pure Globigerina Ooze, while the upper brown 
layer seems to be composed of equal parts of siliceous 
and calcareous org anisms . Coccoliths are ab unda nt. 

(8 *78 %), amorphous matter In the washings from the trawl were some large deep-sea 

and siliceous rem ains . Keratosa, and a fragment of pumioe about the size of a 

pigeon's egg. 


89*81 (60*00 %), 

hiziure, 


Radiolaria, Astror- (1*00%), m. di 0T6 mm., 
Diatoms. angular ; magnetite, pala- 

gonite, mica, glassy volcanic 
particles, felspar, phillipsite. 


(28*81 %), Radiolarian remains, 
amorphous matter, and Bomo 
minute mineral fragments. 


Compare this with the deposit obtained on August 30th. 
It is dark red-.brown in colour, showing light coloured 
patches at the upper surface. In the trawl there were 
a rounded piece of pumice, slightly impregnated with 


manganese, and two or three irregular manganese 
nodules which, on breaking, presented nuclei of 


nodules which, on breaking, presented nuc. 
pumice. 


98*00 (30*00 %), Radiolaria, Diatoms. (1*00%), m. di. 0*16 mm., (67*00 %), much amorphous The OloUgerinm are large, but muoh broken.. There are 

angular ; phillipsite, rounded matter, Radiolarian remains, present a great number of manganese grains, some of 

manganese grains, volcanic and fine mineral fragments. them of considerable size. 

partioles. 


(deep-sea DEPOSITS OHALL. EXP. — 1890 .) 


Sandwich Islands to Tahiti — continued. 





Sandwich. Islands to Tahiti- 


THE VOYAGE OE H.M.S. CHALLENGER. 


See Charts 38 and 89, and Diagram 19. 



Temperature 
of the Sea- 
water 
(Jffthi.). 

Bottom 1 Surface 


Designation and Physical Characters. 



Poraminlfera. 


Other Organisms. 


*274 Sept 11 7 26 0 S. 2760 86*1 80*2 Radiolarian Ooze, red-brown 

162 16 OW. or chocolate coloured, fine 

grained, unctuous, yellow-red 
when dry, slightly coherent, 
earthy, clayey, characters not 
well pronounced. 

Beaidue red. 


11 20 0 S. 2010 
160 80 0W. 


80*0 Red Clay, when wet dork red 
or deep chocolate coloured, ] 
gritty, deep brown when dry, 
slightly coherent, earthy. 


8*89, (2*00 %), fragments of Gldbiger- (1*89 %), a few small teeth of ] 

ina> and Pulvinulina. fish, Gasteropoda. i 


Small teeth of fish. 


10 18 28 0 S. 2860 85*1 80*0 Red 

149 SO 0W. sH 


bd Olay, brown when dry, 28*28 (26*00 %), Globigerinid®, Pul- (2*28 %), toetli of fish, Cephalopod 

slightly coherent, pulverising vinutina. beaks, Gasteropoda, Ostracoaes, 

.1 __ /i .aa o/\ 


easily into a granular powder, 
earthy, snblustrous streak. 
Residue dark brown or 
chocolate coloured. 


(1 *00 %), Miliolidoe, Textularidm, 
Lagenicke, Rotalid®, Nummu- 
limdfle. 


Echini spines. 


277 ,, 17 15 61 OS. 2325 85*1 79*0 Red Olay, light red-grey, eo- 

149 41 0W. herent, fine grained, chocolate 

coloured and plastic when wet. 
Residue chocolate coloured. 


(7*00%), Globigerinid®, Pul- (1*48%), teeth of fish, Echini 

vinulina twnida. b pines. 

(1 *00 %), Piloculina depressa , 

Lagena, Rotalid®, Nonionina 

umbiliccUida. 


t 18 17 12 0 S. 1626 86*6 79*6 Volcanic Mud, grey when dry, 20*47 (10*00 %), Globigerinid®, Pul- (7*47%), Gasteropoda 

149 43 0W. slightly coherent, gritty, grey- vinulina. (larval), Lamellibranch and 


blue when wet 
Residue black. 


(3*00 %), Textularid®, Lagenid®, 
Rotalid©. 


Pteropod fragments, Ostra- 
codes, Echini spines, Polyzoa, 
CJoccoliths, RhaMoliths. 


279 Oct 


Papiete 

Harbour, 


17 80 20 S. 
149 88 46 W. 


17 29 58 S. 
149 84 OW. 


Coeal Sand, grey, made up of 83*34 (6*00%), Miliolid®, Textularid®, 


white and black particles fine 
grained. 

Residue black. 


Rotalid©, Nnmmulinidffi, 


8*34 %), <S 'erpula, Gasteropoda, 
Lamellibranchs, Ostrocodes, 
Echinoderm fragments, Poly- 
zoa, Alcyonarian spicules, Coral 
fragments, calcareous Alg®. 


79-0 Volcanic Mud, blue-grey when. 22-80 (7 '00 %), Globigerinidre. (8 '80 %), Otoliths of fish, 3er- 

ary, slightly coherent, dark (7 ’00%), Miliolidm, Textu- pula, Gasteropoda, Lamelli- 


blue when wet. 
Residue black. 


79*0 Volcanic Mud, blue-grey, 
slightly coherent, breaking up 


readily in water, dark blue 
and plastic when wet. 

Residue bine. 


land®, Lagenid©, Rotalid©, 
Nummulinid©. 


(6*00 %), Globigerinid©. 

(10*00 %), MilioMts, Textularid©, 
Lagenid©, Rotalid®, Num- 
mminid©. 


branchs, Pteropocls, Hetero- 

E ods, Ostrooodes, Echinoderm 
•agmenta, Polyzoa, Coral 
fragments, Alcyonarian spicules, 
Coccoliths. 

(10*28 %), Otoliths of fish, Serpula, 
Gasteropoda, Lamellibranchs, 
Pteropods, Heteropods, Ostra- 
codes, Echinoderm and Coral 
fragments, Polyzoa, Alcy- 
onarian spicules, calcareous 
Alg©, Coccoliths, Rhabdoliths. 


* See anaL 29, 110, 111, 112] PL IV. fig. 2; PI. VL 
t See anaL 18, 89, 00, 91. 


8, 11, 11a, 16, 16a; Pi. Till. figs. 4, 6, 12, IS; PL IX. figs. 2, B, 6, 10; PI. XXIII. fig. 12. 


a UK srvk Mf. , ft. a. swsatfift ™ ^ 
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Siliceous Organisms. 


Fine Washings. 


Aj)DinoNAii Observations. 


(60*00 %), Radiolaria, Astror- 
hizideQ, Lituolidee, Sponge 
spicules, Diatoms. 


100 '00 (1 *00 %), a few fragments of 

Radiolaria and arenaceous 
Foraminifera. 


(6*00%), m. dL 0*08 mm., 
angular ; felspar, augite, 
magnetite/magnetic spherules, 
manganese grains, many small 
prismatic crystals of phillip- 
- site, pumice. 


(10*00%), m. di. 0*20 mm, 
angular and rounded; almost 
exclusively made up of crystals 
of phillipsito, augite, felspar, 
magnetite, manganese. 


(41*11 %), very many small 
crystals of phillipsite/ frag- 
ments of pumice and siliceous 
organisms, relatively little 
amorphous matter. 


(89'00 %), composed essentially 
of small crystals of phillipsite, 
small manganese grains, and 
amorphous matter. 


The trawl and attached tow-nets contained a few animals, 
much ooze, a quantity of manganese nodules, some 
earbones of Cetaceans, sharks' teeth, and pumice frag- 
ments. The nucleus of one nodule is composed of 
amorphous clayey matter, bordered with zeohtic crys- 
tals. A glassy volcanic pebble, the outer rim trans- 
formed into palagomte, was also obtained. 

Not a single fragment of pelagic Foraminifera can be 
observed; there ore, however, a few arenaoeous Fora- 
minifera, and a good many small teeth of fish, hut 
only a few Radiolaria. The crystals of phillipsite are 
frequently grouped so as to form small yellowish or 
dark globules made up of a more or less considerable 
number of microlithe. One small fragment of quartz 
was observed. 


71‘72 (1*00%), Radiolaria, Astrorhizidse, 

Lituolidas, Sponge spicules. 


(5*00 %), m. di. 0*15 mm,, 
angular; phillipsite spherules, 
felspar, plagio close, augite, 
hornblende, magnetite, glassy 
volcanic fragments, manga- 
nese, magnetic spherules. 


(66 *72 %), very many small 
crystals of phillipsite, frag- 
ments of other minerals, 
manganese and amorphous 
matter. 


The trawl brought up about half a ton (608 kilogrammes) 
of manganese nodules,* some small pieces or pumice, 
somo angular basaltio pebbles, many sharks’ teeth (one 
very large) ; some of these are thickly and others 
slightly coated with manganese. The most numerous 
minerals are crystals or globules of phillipsite, which 
sometimes have a diameter of 0 *20 mm. The percentage 
of carbonate of lime is the mean of two analyses. i 


90*67 (1*00 %), Radiolaria, Sponge (1*00%), m. di. 0*06 mm., (88*67 %), much amorphous 

spicules, Rhizammina algm- angular ; magnetite, volcanic matter, mineral and siliceous 

/arms, Diatoms. glass, palagonite, felspar. remains, 


The deposit in the lower part of the tube was of a 
chocolate colour, and contained only traces of carbonate 
of lime (small teeth) and no Radiolaria or Diatoms. 
The nmd in the upper part was of a light grey colour, 
the transition between the two being gradual. In the 
upper layer the organisms mentioned were observed. 


(3*00 %), Radiolaria, Sponge 
spiculos, ffypemmmina mm- 
osa, Lituolidee, arenaceous 
Textularidcc. 


(20*00 %), m. dL 0*10 mm. 
angular ; altered volcanic 
glass, augite, plagioclaso, 
felBpar, a great number of 
black volcanic particles some 
of them magnetic. 


(66*63 %), many fine mineral 
particles, amorphous matter, 
and fine remains of siliceous 
organisms. 


The minerals are all volcanic. 


(2*00 %), Sponge spicules, Litu- 
olidui, arenaceous Textularidre, 
a few Diatoms. 


(2*00 %), Sponge spicules, Litu- 
olidiE, arenaceous Toxtularidm, 
Diatoms. 


(12*00%), m. dL 0*20 mm., 
rounded ; quartz, felspar, 
augite, hornblende, glassy 
volcanic fragments, magnetite, 
manganese grains, titanite. 


(16*00%), m. dL 0*10 mm., 
angular; plagioclose, felspar, 
augite, olivine, magnetite, 

volcanic rock fragments, 

palagonite. 


(2*66 %), amorphous matter, 
and a few remains of minerals 
and siliceous organisms. 


(60*70 %), many mineral frag- 
ments, amorphous matter, 
and siliceous remains. 


The hulk of the deposit is made up of fragments of corals. 
These and the other particles measure 0*6 mm. in 
diameter. 


This sounding is 706 fathoms from the edge of the reef. 


74*72 (2*00 %), Sponge spicules, Litu- (16*00%), m. dL 0*10 mm., (67*72 %), many minute mineral 

oUdiu, arenaceous Toxtularidce, angular; volcanic glass, oli- particles, amorphous matter, 

Diatoms. vine,plagioclase, felspar, mag- and fine siliceous remains. 

netite, augite, hornblende. 


Not much of the deposit was brought up. The upper 
layer was slightly red, but otherwise the bottom is 
aiiniTfir to that taken in 420 fathoms. 


* The nuoloi of the nodules consist of fragments of basaltic rocks or lapilli, vitreous and generally vesicular, the vesicles coated 
and prismatic zeolites; dolerite; augitc-andesite; palagonite; clayey matter; sharks’ teeth and bones of Cetaoeans. Sometimes palagom g y y 

matter. In all cases those nuclei are veiy much altered. The nodules were mostly from 1 to 2 cm. in diameter. 


Sandwich Islands to Tahiti-continued. 


Tahiti to Valparaiso. Off Tahiti — (mtinuid. 


THE VOYAGE OE H.M.S. CHALLENGER, 


Sea Charts 88 and 89, and Diagram 19. 


li 


If 

IS 

Date. 




1876 

279b Oot. 2 


2700 „ 2 


Temperature 
£ ■£ oi trie Sea- 

2 (Pal! r ^ Designation and Physical Ohara at era. 

7 ~—n— . 


Bottom Surface 


» / n 

17 29 38 & 020 

149 84 7 W. 


17 29 11 S. 080 
149 34 82 V. 


79 '0 Voioanio Mud, groan-grey, 
plastic when wot, grey when 
ary, slightly coherent, broak- 
ingup readily in water. 

Residue greon. 


Volcanic Mud, blue -grey, 
slightly coherent, plastic and 
greon coloured whon wot. 
Residue green. 


Carbonate op Calcium. 
Poramlnifera. I 


mi 


(7*00 %), Globigerinid©. 

(6*00 %) t MiliofidoB, Textularictoe, 
Lagenidm, Rotalidre, Num- 
mulimdae. 


Other Organisms. 


, Globigerinidre. 

, MilioGdos, Textularidm, 
idea, Rotalidas, Num- 
idse. 


(8*66 %), Otoliths offish, Serrpida % 
Gasteropods, Lamollibranohs, 
Pteropods, Hotoropods, Ostra- 
codes, Echinodenn fragments, 
Coral fragments, Polyzoa, 
Alcyonarian spicules, cal- 
careous Algre, Ooccoliths, 
Rhabdoliths. 

(7*47 %), Otoliths of fish, Serpida t 
Gasteropods, Lamollibranohs, 
Pteropods, Heteropods, Ostra* 
oodes, Ecliinodorm and Coral 
fragments, Polyzoa, Alcy- 
onarian spicules, calcareous 
Algro, Ooccoliths, Khabdoliths. 


4 18 40 0 S. 1940 85'8 77 ' 2 GhoniGmniNA Oozro, 

149 62 0W, red thuro, slight! 


lobioeeina Oop, grey with 6S -36 (46-00 %), Globigerinidai, Pul- (6-80 %), tooth of fish, Gastero- 

red tango, slightly coherent, vimdim. pods, Lamellibranch frag- 

breaking up in water, yellow- (2-00 %), Biloculina dqprma, La- ments, Echini spines, Cooco- 

brown when wet. genidro, Trumcatulina, Nonio- lithe Khabdoliths. 

Residue black. * 


nwia urribilicatula. 


6 22 21 0 S. 2386 84*9 74*6 Bud Olay, red whon dry, gritty, trace a few Miliolidco. 

160 17 0W. slightly coherent, breaking up 

j in water to fine powder, red- 

brown when wot. 


7 , 2 5 t 8 2460 851 732 Red Clay, red when dry, gritty, trace 

149 69 0 V. slightly coherent, breaking up 

in water to fine powder, re£ 
brown when wet. 


A few small teeth of fish. 


- — : ; : l ! i _ i I | 

l Sm Pl^il^I^a! U8 ’ 1105 PL IV ' ***’ 8 ’ 4 ’ 6; PL Y ‘ fig8 ’ ** lo ' * 8 > te > 4 > B < Sa > **J PL VL *8* 9. 10, 10*, 18, 18* 16, 16*, 17; PI. XXI. fig. 2. 
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* 

BBfirDUH. 


Additional Observations. 

Per oont. 

Siliceous Organisms. 

Minerals. 

Hue Washings. 



(2 '00 %) Sponge spicules, As- 
trorhizidro, Lituolidce, arena- 
oeous TextularidflBj Diatoms. 


1.5*00 %), m. d l 0*10 mm., 
angular ; volcanic glass, plagio- 
clase, felspar, magnetite, horn- 
blende, augite, mica. 


(60*84 %), many fine mineral A considerable quantity of the mud was obtained, similar 
fragments, amorphous matter, in everv respect to the last. The upper layer was 
ana remains of suioeous organ- d istin ctly red. 


and remains c 
isms. 


(2*00 %), Sponge spicules, As- 
trorhizidfB, LituolidfE, arena- 
ceous Textularidco, Diatoms. 


(40*00 %), m. di. 0*08 mm., 
angular; altered volcanio glass, 
plagioclase, felspar, magnetite, 
augite, black volcauio particles 
some of them magnetic. 


(38 '53 °/) i many fine mineral The deposit is similar to the three preceding ones, the 
particles, amorphous matter, minerals being finer and more angular. There was a 

and minute remains of silicoons red coloured surface layer in this as in the last, 

organisms. 


(2*00 %), Radiolaria, Sponge 
spicules, SMzamnii'my Litu- 
olidffl, casts of calcareous 
organisms, Diatoms. 


(26*00 %), m. di 0'10 mm., 
angular ; plagioclase, augite, 
hornblende, mica, olivine, 
magnetite, fragments of vol- 
canic rocks, manganese grains. 


(19*64 %), amorphous matter, 
fine min eral and siliceous 
remains. 


Two soundings were taken. After treatment with acid 
there remain very perfect casts of the organisms in a 
red coloured material which also covers the shells. All 
the mineral particles are covered with a thin coating 
of manganese and iron. In the washings from the 
tow-net there were some fragments of volcanio rock in 
a high state of decomposition. There were also in the 
tow-net two or three manganese nodnlea, one about two 
inches (5 cdcl ) long and very irregular. These nodules 
seem to be formed of portions of the bottom and are 
perforated in all directions by worm-tubes. In the 
■ sounding tube was a piece of wood perforated by 
worms. One of the nodules had a nucleus composed of 
day and of volcanio ashes; among this volcanic debris 
were fragments of green hornblende, reddish augite, 
plagioclase, and magnetite. These minerals are im- 
| beaded in a mass which appears in some places to be 
zeolitic. 


(2'00 %), Radiolaria, Sponge 
spicules, AfltrorhizidiB, Litu- 
olid©. » 


(60*00 %), m. dL 0*12 mm., 
angular and rounded; mag- 
netite, palagonite, horn- 
blende, augite, felspar, 
phillipsite, black mica. 


(48*00 %), amorphous red 
coloured matter, many fine 
mineral particles, and remains 
of siliceous organisms. 


Ho deposit was obtained in or on the sounding tube. In 
the pag of the trawl, however, there were about two 
gallons ( 9 litres) of Red Olay, In the washings there was 
a great number of dark red and brown spherical and 
irregular bodies, which are coated with a substance of 
a zeolitic nature. In the trawl was an immense 
number of manganese nodules and sharks' teeth. Some 
of the manganese nodules , measure 18 x 12 x 8 inches 
(45x30x7*5 cm.). These, along With most of the 
smaller ones, have only a slight coating of manganese, 
the interior being filled with a voleame tufa. Among 
the nodules are several fragments of pumice passing 
into clayey matter. The nodules were overgrown with 
Syp&rcimmina vagans and other Rhizopoos. There 
appears to be evidence that volcanio disturbances, 
have taken place at the bottom near this locality. 


(2*00%), Sponge spicules, 
Radiolaria, J^iizamniina 
crtgwforinis, LituolidfE, Dia- 
toms. 


(50*00 %), m. di 0*16 mm., 
rounded ; palagonite, plagio- 
clttflo very abundant, augite 
microliths, magnetic particles, 
great number of small rounded 
red transparent grains some of 
them palagonite, or altered 
olivine, or Felspar coated with 
iron and manganese. 


(48*00 %), much fine red or 
chocolate coloured matter, 
many fine mineral fragments, 
and remains of siliceous 
organisms. 


Only a small quantity of the deposit, . similar in every 
respect to that obtained at the previous station, came 
up in the tube. The greater part of the washings was 
composed of the red and yellow rounded bodies noticed 
on the 6th. There were many fragments of manganese, 
and several small pieces of pumice. 


Tahiti to Valparaiso — continued. 


See Chart 88, and Diagram 19. 


THE VOYAGE OE H.M.S. CHALLENGES. 


Temperature 
of the Sea- 
water 
(Fahro. 

Bottom I Surface 


Designation and Physioal Characters. 


OABBONATE OP OALOIUM. 


Foraminifera. 


Other Organisms. 


*“ 0et • 18 .! “ * 5 -‘ “* “« «. mn 


coherent, chalky, brown when 
wet. 

Residue dark brown. 


’ , £«" o 3 \ / 0 /> UOUUU ux I1H P, 

vmuZinn. EoHini spines. Ooccolithn 

(3-00 %), Miliolidia, CassidtUim Khabdoliths. ' 

aubglobosa, Lagonida, RotaKdm. 


m ' " lii °OW. 1 ,! ' l> *« <■»«.». <****+ M (U«%), 0 ! oHft..f Ml ,<W 

-saafehr* ‘sSasassa sisjszsr — 

wina uvibiliccUula. 

~ ' 14 Sl: " 


m " 16 °o£ 2386 84 - 8 63 '° 25 ' 18 (] se Globiger ^ «■ (7 iwsrr of teoth ° f 

Whon Wet . fa-OO^V Mi-HnlMn. ^.V, 0 , 8 *? 00408 - Ooccolithfl, 

Reslane dark red- brown. 


(3;00 %), Miliolidiu, Textularidse, Rhabdoliths. 
Logemurc, Rotolidce, Nonionina, 
umbilicatitia. 


287 ,, 19 36 32 0 S. 2400 34*7 67*8 Pun n T i V -l i , 

18252 0W. C1 '° 0] Small teeth of fish. 

herent, lustrous streak. * 

Residue chocolate brown. 


* See anaL 23, 81, 82, 120 121 122 ioq ioj io* TIT — L 

yi i2a - ia ’ s ° : »• ,2 * *■ at* s s-ftwi va t «, 8 *, 4 , ^ 6 , 6 *, L 

tSee anal. 27, 75, 78, 126 127 128 in no g ‘ ’ XXIIL ^ 4 > ®i *L XXVIII. % 8; PL XXIX 

H. Till. figs. 1, 2, 8, 6, 7, 8, 9, fa, 14, 14s; & x’figa’l, ls/lIJ’^^YS g 6 ® 5 ^ 11 % ® ; PL T ‘ figS ' ■«> 0 5 PL ^ H 14*. 22; PL VII. figs. 2, 8, 4, 5; 
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(1*00 %), Sponge spicules, Radi- 
olaria, IutuoIidflB, Diatoms. 


(10*00 %), m. di. 0*10 nun., 
angular ; plagioclase, augite, 
phillipsite, magnetite, manga- 
nese grains, glassy volcanic 
particles. 


31ne Washings. 


(42*39 %), much amorphous 
matter, fine mineral frag- 
ments, and remains of siliceous 
organisms. 


Additional Obshevations. 


Nearly a foot (30 om.) of the deposit oame up in the tube; 
the upper surface was a light yellow Qlobigerina 


the upper surface was a light yellow Qlobigerina 
Ooze. Id addition to the observed organisms, there 
were a good many manganese grains, and yellow and 
red crystals. Passing down the tube the ooze became 
gradually darker, till at the bottom there was a dark 
chocolate coloured clay, containing manganese in 
rounded pellets, and many yellow crystals (phillipsite); 
some of these are in the form of balls. Twinned 
crystals of phillipedte were observed. 



(10*00 %), Radioloria, Sponge 
spicules, Astrorhizidce, Litu- 
olidffl, arenaceous Textu- 
laridoa, Diatoms. 


(1*00 %), m. di. 0*08 mm., 
angular ; volcanic glass, fel- 
spar, palagonite, hornblende, 
phillipsite, black mica, mag- 
netite. 


(23*19 %), fine amorphous 
matter, minute mineral and 
siliceous remains. 


Many of the Foraminifera are coated on the outside with 
a deposit of a crystalline nature ; all stages of this 
deposition can be seen in the deposit. Pulvinuliiia 
m&mrdii is absent. Ooccoliths and Rhabdoliths are 
very abundant 


(1*00 %), a few Kadiolaria, 
one or two Sponge spicules, 
Ehim?nmina algmfororm (frag- 
ments), Lituolidee. 


(1*00 %), m. di. 0*06 mm., 
angular ; glassy volcanic par- 
ticles, felspar, olivine, augite, 
palagonite, phillipsite, horn- 
blende, magnetite, cosmic 
spherules. 


(71 *76 %), much fine amorphous 
matter, a few minute frag- 
ments of minerals and sili- 


ceous remains. 


Only a small quantity came up in the sounding tube. 
Crystals of phillipsite are present as on the 9th. Man- 
ganese grains are abundant. The trawl brought up 
some clay and a barrelful of manganese nodules. 
Among these were numerous sharks’ teeth, and eight 
or nine earbones of Cetaceans. The bony material of 
the teeth has been completely removed. Some of the 
nuclei of the nodules are altered basaltic fragments, 
others volcanic glass, others augite-andesite or horn- 
blende-andesite. All the glassy fragments are cemented 
to the manganese coating by zeolites crystallised in 
situ . There are some angular pebbles, generally basalt 
or augite-andesite, and rounded ones of granite or frag- 
ments of clastic rocks composed of quartz, decomposed 
felspar, and mica (arkose). 


(1-00 %), a few Kadiolaria, 
Sponge Bpiculos, Astrorhizidm, 
Lituolidm, arenaceous Textu- 
laridae. 


(1*00 %),m.di.0 , 06mm., angular; 
manganese grains, magnetite, 
palagonite, felspar, olivine, 
augite, a few glassy volcanic 
particles, magnetic spherules. 


(72*87 %), much fine amorphous 
matter, minute mineral and 
siliceous remains. 


Two layers were to be observed in the contents of 
the sounding tube. The upper two inches were very 
dark red, the lower four or five inches light yellow, 
smooth, and firm. In the top layer only a few 
Foraminifera and Radiolaria were present, a sample 
scarcely effervescing with acid. The lower layer, how- 
ever, effervesced considerably, and the microscope 
revealed a few Foraminifera and immense numbers of 
very fine Ooccoliths, There is much less manganese 
in the lower than in the upper layers. The trawl 
brought up large numbers of manganese nodules, 
sharks' teeth, earbones of Cetaceans,, one or two 
pieoes of pumice, and a granite nodule 3 x 2 x J inches 
(7*6 x 6 x 1 *2 cm.). There were also some clayey con- 
cretions of the bottom, perforated by worm-tubes, lined 
with manganese. 


(2*00 %), m. di. 0*10 mm., 
angular ; fibro-radiating glob- 
ules and loose crystals of 
phillipsite, sanidine, plagio- 
clase, augite, magnetite, mag- 
netic spherules, small con- 
cretions of manganese, and 
fragments of volcanic glass 
and rooks. 


(97*00 %), a large quantity of 
clayey matter, coloured by 
manganese, very small crystals 
of phillipsite, and minute 
mineral particles. 


About a quart of this deposit came up, conta i n ing an 
immense quantity of manganese, several of the nodules 
measuring from 0 *5 to 1 cm. in diameter. In one or 
two instances these nodules are joined together. Die 
Foraminifera are fragmentary except Uvigenna 
cLsperula t which is the most commonly occurring. The 
crystals of phillipsite are very abundant in this deposit. 
Among the min eral particles are a number of small 
volcanic fragments, which appear opaque under the 
i microscope. Associated with these there are small 
volcanic particles altered to brownish palagonite. 
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See Chert 88, and Diagrams 18 and 20. 




■I 

Position. 

II 

Temperature 
of the Sea- 
water 
(Palii.). 

Designation and Physical Characters. 

Oabbonate oe Calcium., 




S& “ 

Jofctom S 

urface 


Per cent 

Poraminifera. 

Other Organisms. 


288 

1876 

Out 21 

o / / 

40 3 0 S. 
182 68 OW. 

2600 

0 

34-8 

o 

54*5 

Bed Olay, brown-grey, very co- 
herent, presenting no macro- 
scopic characters, dark red- 
brown and plastic when wet 

trace 

QloUg&rim (fragments). 

A few small teeth of fish. 


*289 

„ 28 

39 41 0 S. 
181 28 OW. 

2550 

34*8 

64*5 

Bed Clay, pale brown-grey, 
coherent, fine grained, dark 
red-brown and plastic when 
wet 


• 



290 

25 

39 16 0 S. 
124 7 OW. 

2300 

34*9 

52*5 

Rep Olay, light brown-grey, 
coherent, fine grained. 


... 

■* 

j 

291 

.. 27 

39 13 0 S. 
118 49 OW. 

2250 

34*6 

53*0 

Red Olay, light brown-grey, 
coherent, fine grained. 




l 

3 

1 

292 

„ 29 

38 48 OS. 
112 31 OW. 

1600 

35*2 

68 '2 

Globigebina Ooze, light brown- 
grey, slightly coherent. 

Residue red-brown, very 
fine. 

83*75 

(76*00 %), Globigerinidm, Pul- 
vinulina. 

(2*00 %), Miliolidffl, Tertularidro, 
Rotalidoe. 

(6*75 %), fragments of Lamel- 
Iibranchs, Ostracode valves, 
Echini spines, Ooccoliths, 
Coccospheres. 


+293 

Nov. 1 

39 4 0 S. 
106 5 OW. 

2025 

34*4 

68 '7 

Globigebina Ooze, brown, co- 
herent, dark red-brown or 
chocolate coloured and plastic 
when wet 

Residue dark brown. 

44*68 

(36*00 %), Globigerinidee, iW- 
vinitiim. 

(3 *00 %), Miliolidre, Textularidse, 
Lageuidro, Rotalidoe, Nonioniruz 
umbilicatula. 

(6*68 %), OBtracode valves, 
Echini spines, Ooccoliths, 
Rhabdoliths. 


J294 

» 3 

39 22 0 S. 
98 46 OW. 

2270 

34-6 

67-6 

Red Clay, chocolate coloured 
when dry, coherent, homo- 
geneous, rioh chocolate colour 
and plakio when wet 

trace 

Globigerini^ffi (fragments), Uvig- 
erina ctap&rula, Rotalidae. 

% 

A few small teeth of fish. 


* See anaL 129, 147; PL III. % 7j PI. IX. fig. 8. t See and. 47, 180; PL XVIL fig. 2; PL XIX fig. 8. t See PL XXVII. fig. 4. 
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Residue. 

AnDOTOKAii Observations. 

Per cent. 

Siliceous Organisms. 

Minerals. 

line Washings. 


100-00 

(1-00%), Radiolaria, Sponge 
spicules, Tkurwmmina pap- 
ilUUa. 

(1-00%), m. di. 0*10 mm., 
angular ; manganese grains, 
phillipsite, felspar, augite, 
glassy volcanic particles. 

(98-00 %), much dark brown 
fine amorphous matter, a few 
fragments of siliceous organ- 
isms, and manganese grains. 

The clay was not so dark coloured as at the last station. 

In one place there were one or two spots of a yellow 
colour, A few small manganese nodules overgrown with 
Eyperammma vagans were observed. The tube had 
been buried about 18 inches (45 cm.) in the deposit. 

100-00 

(1 -00 %), a few Radiolaria. 

(1-00 %), m. di. 0-20 mm., angu- 
lar; magnetite, augite, olivine, 
felspar. 

(98'00 %), much fine dark 
brown amorphous matter, 
manganese grains, and minute 
mineral particles. 

No bottom was in the tube or on the outside. The trawl 
brought up a great quantity of manganese nodules, 
but no deposit ; on the iron work were some patches 
of clay. On examining this it was found to contain 
very many yellow crystals of phillipsito, a few palogic 
Foraminii'era and their broken parts, and a few Cocco- 
Hths and Rhabdoliths. A great many manganese 
grains wero noticed. Among the nodules in the trawl 
were a few earbonas of Cetaceans and fragments of 
bones. One pebble was a fragment of diabase contain- 
ing altered plagioclase, augite, replaced by a chloritic 
mineral, quartz, epidote, mack mica, titanic iron and 
leueoxene. 





No deposit came up in the tube. 'About a gramme of the 
clay was found adhering to the bottom of the water- 
bottle, insufficient for detailed examination. Under 
the microscope it showed the yellow crystals of 
phillipsite, manganese grains, some Ooccolitha, a good 
many fragments of pelagic Foraminifera, ana a 
UvigcHna. 





Inside the tube there were two or three small pellets of 
Red Clay. On breaking these down and examining them 
with the microscope, Olobigerina and Pulvinulina 
remains were found. These are small compared with 
those further north. One or two Tcxtularia, a good 
many Cocooliths, portions of Rhabdoliths, a good many 
niangn nose grains, and a few yellow ciystals of phillipsite 
were also observed. In the bag of the trawl there was 
only one manganese nodule, the size of a marble, to 
which was attached au egg capsule. 

10-26 

(1 -00 %), Sponge spicules, ft few 
Radiolaria and arenaceous 
Foraminifera. 

(1’00 %), m. di. 0'06 mm., 
angular ; crystals and irregu- 
lar fragments of plngioclnse, 
sanidino, augite, rhombic 
pyroxene, mngnetite, altorod 
glassy and other volcanic par- 
ticles, grains of manganese. 

(14-26 %), a small quantity of 
amorphous matter coloured 
by manganese, minute mineral 
particles, and small fragments 
o£ siliceous organisms. 

Cocooliths are comparatively abundant. In this deposit 
are found crystals of plagioclase, loose or coated with 
volcanic glass, in the form of rhombic tables, also 
crystals of nugite and rhombic pyroxene, and frag- 
ments of palagonite. The trawl line carried away in 
heaving in. 

66-32 

(1-00 %), a few Sponge spioules, 
Astrorliizidro, arenaceous Tex- 
tularid®. 

(3’00%), m. di. 0'08 mm., 
angular; sanidine, plagioclase, 
augite, altered oli vin e, splin ters 
of volcanic glass, man- 
ganese grains, magnetite. 

(61-32 %), fine dark red-brown 
amorphous matter, fine 

mineral particles. 

The most abundant of the pelagic Foraminifera is a thick- 
shelled Olobigerina bulloides. The trawl brought up 
about a dozen mangaucso nodules, two sharks’ teeth, 
and a small grey pebble of augite-andesite^ The 
largest of the nodules is about the size of a pigeon's 
egg. Several have nuclei of palagonite, others appear 
to be made up entirely of manganese. The teeth and 
pebble are slightly coated with manganese. 

100-00 


(3*00 %), m. di. 0*10 mm., angu- 
lar ; manganese grains, fels- 
par, plagioclase, augite, 

phillipsite, crystals, quartz, 
magnetite, glassy volcanic 
particles. 

(97*00 %), much fine amorphous 
matter of a dark chocolate 
colour, and some fine mineral 
fragments. 

The lower part of this deposit did not effervesce with 
acid ; only one or two fragments of pelagic Foraminifera 
and a few broken pieces of sharks’ teeth were observed. 

In the upper portion there were a few whole and a good 
many broken pieces of pelagic Foraminifera, one or two 
small Coccolitns, and fragments of Rhabdoliths. The 
great mass of the washings was composed of small 
pellets or particles of manganese (one Bmall nodule the 
size of a pea was noticed), along with crystals of phil- 
lipsite and fragments of palagonite. 


(dbjbp-sba deposits ohall. exp. — 1890.) 
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See Chart 88, and Diagrams 20 and 21. 



Temperature 
of the Sea- 


Designation and Physical Characters. 


Bottom Surface 


OAHBOHATH OF OAIiCUTTH. 


Foraminifora. 


Other Organisms. 


296 Not. 6 88 7 0 S. 1600 86*3 68*6 Globigebika. Ooze. 

94 4 0W. 


Bilocitiina depresses, Textularidro, Cepholopod beaks, Pteropoda. 

Uvigcrina, Globigerinidro, Ostracode valves, Echini 
Eotalidce. spines. 


*298 „ 9 88 6 0 S. 1825 85*3 69*8 Globigerina Ooze, light brown- 64*84 (56 *00 %), Globigerinidro, Pul- (7*84%), Otoliths and tooth’ of 


88 2 0 W. 


grey when dry, somewhat co- 
herent 

Residue dark Ted-brown. 


vinulina. fish, Serpida, Ostracodes, 

(2*00 %), Miolidro, Toxtularidm, Echini spines, Coccoliths, 

Lagenidro, Rotalidro, Numrau- Rhabdoliths. 

linidro. 


„ 11 37 29 0 S. 1776 36*6 67*0 Globigerina Ooze, yellow-grey, 71*16 (60*00 %), Globigerinidro, Pul - (6*16%), Echini spines, "C 

88 7 O'W. slightly coherent vinulina. liths, Rhabdoliths. 

Residue rich brown. (6 -00 %), Miliolidro, Textulriridro, 


Lagenidro, Rotalidro, Nonio- 
nina umHlicatula. 


17 34 7 0 S. 2226 86*0 69*0 Blue Mato, light blue-grey when 

78 50 0W, dry, coherent, presenting no 

macroscopic elements, fine 
grained, plastic when wet. 
Residue blue-grey. 


6*86 (4*00 %), Miliolidro, Bolivina (1*06%), Ostracodes, Echini 

teoduarioides^ Lagenidro, Globi- spines, Ooccoliths. 
gerund©, Pulvinulina canari - 
ends, Nonimina umbilicatula. 


Dec. 11 Off Valparaiso. 41 


Blub Mud, bine-grey "when dry, 
coherent, presenting no maoro- 
scopio elements, fine grained, 
breaking up in water, blue 
and plastic when wet. 


trace MiUolina seminulum, Textu- Echinoderm fragments, a few 
laridro, Gtobigerma, buMoides t Coccoliths. 

Rotalidro, Nonionina. 


* See anal. 48. 


f See anaL 49, 181; PI. III. figs. 8, 9 ; PI. IX. fig. 9. 
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Residue. 

Additional observations. 

Per cent 

Sllioeous Organisms. 

Minerals. 

Fine Washings. 


... 

Radiolaria, Astrorhizidm, Lituo- 
lidee, arenaceous Textularid©. 

Particles of yolcanio glass some 
of them black, and minute 
rook fragments. 

... 

The water in the sounding tube on being allowed to 
settle deposited some brown coloured sediment, com- 
posed of Qlobigerina , PulvinitZina, Echini spines, 
Ostracode valves ; a good many small manganese par- 
. tides, and many small red mineral fragments were 
also observed, as also a few Uvigcrina. Altogether, 
this indicates a red coloured Globigerina Ooze. In 
the tow-net at the weights there were an angular 
pebble about one inch (26 mm.) long, and a great 
many small rock fragments, measuring mom 1 to 6 mm. 
in diameter, some of them augite-andesite. 

36*66 

(1 ’00 %), Radiolaria, Sponge 
spicules, Astrorhizidm, Lituo- 
lidte, arenaceous Textularidce. 

ibid 

(3*00 %), m. di. 0*10 mm., angu- 
lar; plagioclase, augite, al- 
tered oEvine, . many white 
glassy volcanic splinters, pala- 
gonite, phillipsite in single 
crystals and fibro -radiating 
aggregations, magnetite, man- 
ganese grains. 

(31*66 %), much fine amorphous 
matter, a few mineral frag- 
ments, and remains of siliceous 
organisms. 

Two layers were noticeable in the tube, a straw coloured 
upper and a dark brown lower. The upper layer con- 
tained the organisms noted, while in the lower layer 
the organisms were few and manganese abundant. A 
small nodule (the size of a pea) was observed. In the 
washings of tne ooze from the trawl there were a few 
volcanic pebbles, some of them transformed into pala- 
gonite. 

28*86 

(1*00 %), 1 Radiolaria, Sponge 
spicules, Astrorhizidoe, Litu- 
olidre. 

(1*00 %), m. di 0*08 mm., 
angular ; manganeso grains, 
plagioclase, magnetite, a few 
isolated yellow crystals of 
phillipsite, augite, glassy vol- 
canic particles. 

(26*86 %), a quantity of dark 
red-brown, very fine grained, 
amorphous matter, some 
mineral fragments. 

There was no trace of deposit in the tube, except a few 
shells of Qlobigerina, at the valves. The trawl brought 
! up a large quantity of manganese nodules (3 to 4 
quarts = 3 *4 to 4*6 litres) varying from the size of a pea 
to that of a hen's egg. One of the tow-nets at the trawl 
was full of a yellow coloured ooze in which were many 
rounded manganese nodules. The nudei of some of 
the larger of these nodules are composed of a yellow or 
dark green mateiial easily ont with a knife, showing 
the last stage of decomposition of palagonite. There 
were some lumpB of the ooze in the tow-net, showing 
the beginning of the nodule formation. 

94*36 

(4*00 %), Radiolaria, Heophax, 
coats of Foraminifera, Dia- 
toms. 

(1*00%), m. di 0*07 mm., 
angular ; felspar, plagioclase, 
pumice, augite, quartz, mica, 
hornblende palagonite, glau- 
conite. 

(89*36 %), muoh blue-grey 
amorphous matter, some 
mineral and siliceous, remains. 

A section of about a foot (30 cm. ) of mud of a blue colour 
was in the tube ; on the surface there was a layer of a red- 
dish colour which gave no trace of carbonate of lime on 
treatment with acid. The , tow.-nete at the trawl hod 
each a little mud of a red or brown colour which did 
not effervesce with add ; evidently from the surface 
layers of Idle deposit. In a tow-net there was a man- 
ganese nodule, flat and round, about one inch (26 mm.) 
across and one and a quarter inches (31 mm.) thick, 
with a neucleus of pumice, also portions of a Oepha- 
lopod beak, and two pieces of twigs. Many excreta 
of Echinoderms are present. Imperfect casts of Fora- 
minifera remain after treatment with dilute acid. 

100*00 

(1*00 %), Lituolidro, arenaceous 
TextnilaridflB, Diatoms. 

(1*00 %), m. di. 0*06. mm., 
angular ; felspar, plagioclase, 
hornblende, white or yellow- 
ish mica, olivine, magnetite, 
quartz (rare). 

(98*00 %) much greenish 

amorphous matter, fine 
minerals, and a few siliceous 
remains. 

Ho effervescence is noticed when the mud is treated with 
dilute acid, but a strong smell of sulphuretted hydrogen 
is evolved. The nrioa and olivine are both altered and 
yellowish or nearly opaque. The particles are very 
small for a shore deposit. 


Tahiti to Valparaiso 








Valparaiso to Gulf of Pefias. 


See Charts 40 and 41 , and Diagram 21 . 
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Temperature “ 

£ § of the Sea- 

Date. Position. 52 wa fc er ^ 

§4 (W&hx.). Designation and Phyaloal Characters. 

fifl 7 - 

Bottom Surface 


CARBONATE 01 Oalchuic 


I Per oent. 


Ponuninlfera. 


Other Organisms. 


*299 1 v ° o 

74 48 0W- 62 0 16,40 Globigerimda, Pul- ( 2 - 40 %), Ostracodes, Eohinodorm 

^t rWD ’ ““ ° 0mp80t When O-OO %), Miliolidae, Lagenid®, fra « ments » Ooooolitha. 

Besidne wd-brown. ■ y ° n ‘ Conim 


78 18 0 W 1376 66 6 82 5 OwaWBii na Oozb, yellow- 54-09 ( 45-00 yi rtl *■ • -j 

Ct n S%ht !r JZft Q,0blgenmd ®' ** (*-08%), Pteropod fragments, 

low brown and somewhat plas- /k.aa y\ , _ Echmoderm frajnnonts Polv 

tto^whgi wet. P I I (5 I 20a > OoccoUthfl^abd^lifcW 7 " 


™:» Nonionina 

umbiHcctiida . 


82 11 0 V, 1450 35 6 68-0 Glo^wbetoa Ooze, pale yellow- 82-81 ( 70-00 °/\ ai V • -j 

( lZL ° heelmdm - m - (8-81 %). teeth of fish, Lamelli- 

Rot ft I id®, Ifonionina, umbili - 
catula. 


° W " ^lightly eoWratf break-up 2670 ^ 20 ?° Globigerinid®, TV- (8-79 /) Ostracodes Eh' " 

m water, blue-grey and nUot™ vmultm micAeliniana. miv7« £ , des ’„ Eclnlu 

W fe et - P (8 "00 %), Miiiolid®, Textnlarid®, Kltth^ 08 * °° 0ColitjM - 

Rssidnfi rr~^ IjOgenidfl!. Pull.fm.nn l.M* AVIIfl D Q OH U11S. 


mwate^biue-greya.dplasti? 

Residue grey. 


r /0/l . , uautc » J-exiniandee. 
Lageuidee, Pullenia, Rotalid*. 


7 . 81 46 58 15 S. 45 

76 12 0 W. 


37-2 QtrAMz Sake, green-grey, fi ne 

*P y w ^ 8n wet 

da * grey, almost j 


” •griicwat ■ara.'SEr' ~ 


* i > 

See anal. 182 , 188 , 184 : PL ITT «„ 7 ~ 
t See anal. 50 ; PI. ixYL fig. \. ** 4 


iSS ® 71 fig, 4 ; PI. XVII. fig. 4 , 
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Additional Obsbkyations. 


SUloeous Organisms. 


Fine Washings. 


6*00 %), Radiolaria, Sponge 
spicules^ Afltrorhmdoe, Lifcno- 
lidfiB, Diatoms. 


(1*00 %), m. di. 0*06 mm., 
angular ; glassy volcanio 
particles, felspar, plagioclase, 
hornblende, augite, magne- 
tite, quartz, small particles of 
andesitic rocks. 


(1 -00 %), Radiolaria, Sponge 
spicules, Astrorhizidee, Litu- 
olidfis. arenaceous Textnlaridia 


(2-00 %), m, di. 0*08 mm., 
angular ; felspar, plngioclase, 
magnetite, augite, small vol- 
canic lapilli, palagonite, man- 
ganese grains. 


(78*60 %), much 
matter, fine n 
siliceous remains. 


much amorphous 
fine mineral and 


(42 ‘91 %), amorphous brown 
coloured matter, fine mineral 
and siliceous remains. 


A section of about four inches (10 cm.) came up in the 
sounding tube ; the uppermost inch was of a red colour 
containing no calcareous organisms, the lower portion 
being a blue-grey compact mud containing the organisms 
noted, two or three pieces of pumice, and several man- 
ganese grains. One of the tow-nets at the trawl was 
half full of a red-brown mud. and some of this was in 
the bag of the trawl and adhering to the nodules, &c. 
In the trawl there was over a quart (over a litre) of 
nodules and fragments of pumioe. Some of these 
nodules are manganese throughout ; others are formed 
of pumice surrounded by a deposit of manganeso, while 
one had a nucleus of altered basalt. In addition there 
wore a hard angular piece of granite, small hardened con- 
cretions of the bottom, and a fragment of a Oeplialopod 
beak. On one of the nodules was attached a large Seal - 
pellum darwinii. In the washings from the trawl were 
observed great numbers of Rhizammina ctlgeeformis. 

Only a small quantity of ooze came up in the tube. A 
considerable quantity came up in the trawl, amongst 
which were several small basaltic pebbles having a 
slight coating of manganese, and three or four pieces of 
a hardened tufa of a red colour, fiat, and coated with 
manganese to the thickness of J or 1 an inch (6 or 12 
mm.). The ooze contains also a good many black 
particles and pebbles about the size of peas. 


17*69 (1*00 %), Radiolaria, Astror- 

liizidce, Lituoliilco, Tcxtu- 
larida?, casts of Fornminifera, 
Sponge spicules, Diatoms. 


(1*00 %), m. di. 0*07 mm., 
angular ; felspar, quartz, 
augite, pumice, palagonite, 
manganese grains, glauconite, 
zircon. 


74'21 (1*00%), Radiolaria, Sponge 

spicules, Jicophax difflugifor- 
niis, Toxtularidro. 


(10*00%), m. di, 0*10 mm., 
angular; brown vesicular vol- 
canic glass, felspar, plugio- 
closo, augite, hornblende, 
magnetite, many particles of 
pumice, quartz, glauconite. 


(16*69 %), red-brown amorphous 
mattor, mineral and siliceous 


(63*21 %), grey coloured amor- 
phous matter, fine mineral 
particles, and a few remains of 
sihoeous organisms. 


A considerable quantity of ooze was obtained in the 
sounding tube. In it were small pieces of manganese, 
pumice, and other mineral particles. In the trawl was 
about a peck (9 litres) of the ooze, in which were a 
number of manganese nodules, with nuclei of fragments 
of basalt with a vitreous base passing into palagonite, 
overgrown with worm tubes and Eyperammina mgans, 
some volcanic pebbles, and a piece of granite with a 
slight coating of manganese. There was also a fragment 
of a siliceous rock resembling flint, composed of cal- 
cedony and grains of crystalline silica. Red and 
yellow casts of the Foraminifera remain after treat- 
ment with acid. Some particles of quartz are large 
and rounded. 

The tube brought up a considerable quantity of stiff light 
blue-grey nmd containing the organisms noted. The 
surface of the section was of a yellowish colour and 
much softer than the deeper layers. The Foraminifera 
are fewer and pumice particles more abundant in the 
lower layers, 


(96*28 %), m. di. 0*17 mm., 
rounded; quartz, yellow-green 
mica flakes with apatite inclu- 
sions, felspar, fragments of 
ancient crystalline rocks and 
schists, hornblondo, groen 
chloritic substance covering 
the quartz and the other 
mineral particles. 


(1*00 %), a few fine mineral par- 
ticles. 


Valparaiso to Gulf of Pefiaa. 


Gulf of Pettflfl to Sandy Point through. Magellan Strait --continued* 
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THE VOYAGE OE H.M.9. CHALLENGER . 


II Bate. 

II 

7k 



Temperature 
of the Sea- 
water 
(Fahr.). 

Bottom I Surface 


Designation and Physical Characters. 


Oajrbonaeb of Calcium. 


Foraminifara. 


Other Organism a. 


1 47 47 0 S. 165 

74 47 OV. 

1 47 48 80 S. 125 

74 47 Of. 

1 47 48 0 S. 160 

74 46 Of. 


Bra* Mtos, blue-grey when 416 (3-00 %), Miliolid®, Textidaridm, (116 %), Dimtaliwn, Gasteropod 

drv. coherent, slate fiolnnrfid ■ v,,/ j't' n-i ■?. V ^ 


dry, coherent, slate coloured 
and plastic when wet. 
Residue blue -grey. 


Lagenidro, Globigerina bul- 
loides, Rotalidce, Ntunmu- 
linidse. 


and Lamollibranch fragments, 
Ostrocodes, Echinoderm frag- 
ments, Polyzoa. 


2 74 83 OW 665 B7 '° 1 BL C mt M T« trace Miliolidm, Textularidfe, Tmn- Serpula, Gaateropods, Lamelli-’ 

2 48 27 0 s’ 845 46-0 R7-K r Wm catulma lotatula, Nonionim branohs, Ostraoodes, Eohmo- 

74 80 ov! 7 ) t et y and Wien umbilicaMa. dorm and Coral fronts 


49 24 80 S. 
74 28 30 W. 


58*0 Blub Hun, light blue-grev, trace 
coherent, breaking up readily 
in water. 


TrwucatvMna tenera , Nonioninu Gaateropod and Lamollibranch 
scapula, fragments, Echini spines. 


50 8 80 S. 175 
74 41 Of. 


51*7 Blue Mud, yellow-grey, slightly 28 '84 
coherent, breaking up iu water, 
green-brown when wet. 

Residue green-brown. 


. (13*84 %), Scrpulct, Gasteropoda, 

(9 00 Miliolidos, Textularidoe, Lamellibranohs, .Ostraoodes, 
Lagenidee, Rotalidce, NouiouiTia Echinoderm fragments. 
umbilicatula. 


50 56 0 3. 
74 15 0 W. 
50 56 0 S. 
74 14 0W. 


BL p^^ T T S 'i blue '8 re 7j Truncatidina lobatula . 

coherent, dark blue-grey and 

plastic when wet, unctuous. 


Gasteropoda. 


10 51 27 80 S. 

74 3 0W. 


46 5 60 5 Bl ™ e Mue-grej j,co- trace MilMi^ semmulum Truncatu- Lamellibrancb fragments, Ostra,- 

greyaidplSKet ' ™ 


311 „ H 52 46 30^8. 245 46 '0 50 '0 JoCranf b 7 f 34 ’° 7 ( 8 ' 00 °/ % ), GloUg*rim bUMdes. 

green tinge, coherent, breakinc nn-ou*A 


' */ ' ft* TT * VIA. 

green tinge, coherent, breaking 
up in water; green-brown when 
wet. 

Residue yellow-green. 


(10‘00 %), Hiliolidffi, Textularidfie, 
Lagenid®, Rotalidce, Nonionina 


(16-07 %), Otoliths of fish, 
Gasteropoda, Lamellibranohs, 
Fteropods, Ostraoodes, Echino- 
derm fragments. 




REPORT OK THE DEEP-SEA DEPOSITS. 


Additional Observations. 


Sllioeoufl Organisms. 


Hue Washings. 


(8*00 %), Sponge spicules, 
Astrorhizidoe, Iatuolidra, Tex- 
tularidiE, Diatoms. 


(65*00 %), m. di. 0*20 mm., (27*84 %), amorphous matter, 


rounded and angular; mica, 
quartz, plagioclase, horn- 
blende, rhombic pyroxene, 
glauconite, small fragments of 
crystalline rocks. 


many fine mineral particles, 
and some siliceous remains. 


These three deposits are similar to each other, but 
vary os to amorphous matter, number of shell frag- 
ments. and mineral particles. Many of the Porainini- 
fera shells are filled with glauconite, which remains as 
casts on treatment with add. At the second station 
many of the mineral fragments measure from 0'5 to 2 


(2*00 %), Sponge 
Astrorlrizidee, Tex - 
Diatoms. 


spicules, 

tukridm, 


(1*00%), m. di. 0*10 mm., 
rounded and angular; ortlio- 
olaso, plagioclase, quartz, 
hornblende, tourmaline, 
splinters of schisto-orystalline 
and volcanic rocks, glauconite. 


(07*00 %), much fine clayey 
matter, some mineral and 
siliceous remains. , 


Two soundings were taken on this date. The deposits 
are similar, the former containing perlmps larger tmees 
of carbonate of lime, while the latter disintegrates 
more readily in water. The organisms noted wore 
obtained from the washings of the trawl. 


(1 *00 %), Sponge spicules, a few 
Diatoms. 


(75 *00 %), m. di. 0*15 mm., 
rounded and angular; quartz, 
felspar, plagioclase, green 
hornblende, ehlorito, zircon, 
ojridotu, particles of crystal- 
line rocks. 


(24*00 %), fine clayey matter of 
a blue-grey j colour, fine 
mineral fragments, a few 
romains of Sponge spicules 
and Diatoms. 


There was very little effervescence with acid indicating 
only tracos of carbonate of lime. The minerals are 
small, the largest being only about 0 *5 mm. in diameter. 


(2*00 %), Spongo spicules, Toxtu- 
lundin, glauconitic cimts, a 
fuw Diatoms 


(36-00 %), m. di. 0*15 mm., 
angular and rounded; quartz, 
felspar, nlogioclnso, uugitu, 
hornblende, blank and white 
mica, zi I'con, gliuioonito, 
fragments of erystullino rocks. 


(34*16 %), clayey mattor, 

mineral particles, a few 

siliceous romainH. 


A few glauconitic casta remain after treatment with acid. 
Some pebbles and rock fragments, measuring from 
1 inm. to 4 cm. in diameter, were embedded in the de- 
I posit. 


(1*00 %), Clmmlmn communis. 


(30*00 %), in. di. 0*20 mm., 
angular and rounded ; 
quartz, plagioclase, felspar, 
brown hornblende, augite, 
pumice, magnetite, lapilli. 


(69*00 %), fine clayey mattor, 
minute miuunil fragments. 


Some rock fragments, measuring over 1 cm. in diameter, 
wore noticod. The felspar contains brown glassy in- 
clusions. The mineral particles seem to be the product 
resulting from the disintegration of a coarse-grained 
modem volcanic rock or a coarse volcanic ash, but if 
| this be the case glassy particles are very rare. 


(1 *00 %), Sponge spicules, Jhn- 
7 /io<teiw iiUMrttiH, a few 
Diatoms. 


(3*00 %), m. di. 010 mm., 
rounded ; quartz, olivine, fel- 
spar, zircon, mica, hombloudo. 


36*00 %), much blue-grey The mud is of a much finer character than that obtained 
clayey matter, and some fine at the previous stations, 
mineral particles. 


66*03 (1*00 %), Spongo spicules, 

Toxtulaiidm, castH, Diatoms. 


(2*00%), m. di. 0*10 mm., (62*03 %), amorphous matter, Imperfect casts of Foraminif era remain after treating the 

angular and rounded; quartz, fine mineral fragments, and deposit with acid. 


angular anti rounded; quartz, 
felspar, plagioclase, horn- 
blende, nugite, zircon, glau- 
conite, glauoopliaue, opidoto, 
altered glauconite. 


some siliceous remains. 


Gulf of Pefias to Sandy Point through Magellan Strait — continued. 


THE VOYAGE OF H.M.S. CHALLENGER. 


See Charts 41 and 42, and Diagram 22. 



Temperature 
of the Sea- 

(flahrf). Designation and Physical Characters. 


Carbonate of Caloium. 


Bottom Surface 


Poraminifera. 



Other Organisms. 


318 Jan. 20 52 20 0 S. 55 47 -8 48*2 Coarse Sand, grey. 1*13 A few GtoUgeriiut inflate. 

67 39 0W. Residue dark brown with 

green tint. 


314 „ 21 61 85 0 S. 70 46 '0 48*0 Coarse Sand. 

65 39 0¥. 


Echinodenn fragments, Polyzoa. 


Feb. 6 Stanley Har- 6 
hour, Falk- 
land Islands. 


Bltjb Mttd, green-grey, smelling 30*12 (10*00 %), Textulandfle, Lagenidse, (29*12 %), Gasteropoda, Lara elli- 

strongly of sulphuretted Rotalidffl, Nummulinid©. branchs, Ostracodos, E chin : 


strongly of sulphuretted 
hydrogen, plastic, finely gran- 
ular, drying into Blightly co- 
herent masses. 

Residue dark brown. 


branchs, Ostracodos, Echini 
spines. 


317 „ 8 48 37 0 S. 1035 35*7 46*7 Sandy Gravel, mottled red, 14*61 (8*00%), Glohigerinid®, Pul- (4*61 %), Otoliths of fish, sharks’ 

55 17 0 W. | I black, brown, and white. vinulina. teeth, Gasteropoda, Lamelli- 

1 Residue brown-grey. (2*00 %), Miliolidaa, Toxtularidra, branchB, Oimpeds, Eoliino- 

Lagenidee, Rotalidm. derm fragments, Polyzoa. 

318 „ 11 42 32 OS. 2040 33*7 67*5 Globigerina Ooze, light grey, 32*60 (26*00 %), Globigerinidea, Pul- (4*69%), Ostracodos, Echini 

56 29 0 W. granular, slightly coherent, vinulinct. spines, a few Coccoliths. 

earthy- (3*00 %), Miliolidro, Textularidee, ' ! 

Residue dark grey. Lagtsnidee, Rotalidsa. 


819 „ 12 41 54 0 S. 2425 827 SB'S Blot Mud, bine-grey, finely 6 '41 (8 '00 %), Textularida. 

54 48 0W. granular, plastic, drying into 

small grey pulverulent masses, 

Bublustrous streak. 

Residue green-grey. 


(8*41 %), small teeth of fish. 


820 ” 14 mm nw 600 87 ' 2 67 ' 5 Bros Mto, green-grey, fine 11‘89 ( 5-00 %), Globigerinid*, Pul- (8-89%), Serpula, Gasteropoda, 

| | 68 52 Off. | | | gnuned. vinulvm. Lamellibranoha, Ostraeodes 

WfiBlrttin /rt.nrt a/\ ir.1. n . m • i T-. . . 1 ' 


Residue green. 


(3*00 %), Miliolidse, Textularidaa, Eohinoderm fragments, Polyzoa. 
Lanenidro, Rotalid®, hfnmmul- 
inida. 



REPORT OK THE DEEP-SEA DEPOSITS. 


Additional Observations. 


SUloeous Organisms. 


Fine Washings. 


(2*00 %), fragments of Sponge 
spicules and Diatoms. 


(90*00 %), m. di. 0*00 mm., 
rounded ; quartz, felspar, 
mica, hornblende, augite, 
glauoonito, pumice, particles 
of crystalline and schistose 
rooks, epidote, garnet. 


(0*87 %), a small quantity of 
amorphous matter, flocoulont 
organic matter, and many 
minute mineral particles. 


The dredge brought up some sand, sandy concretions, 
and many animals, also some pieces of carbonised 
wood. The particles of crystalline and schistose rocks 
are often black, and more or less rounded. Many of 
the mineral and rock particles are covered with chlo- 
ritic matter as well as with limonite. 


This deposit is the same in all respects as that described , 
for Station 313, except perhaps that there is a little 
more glauconite. 


(3*00 %), 
Diatoms. 


(1*00%), m. di. 0'08 mm., 
rounded ; quartz, felspar, 
hornblende. 


(66*88 %,) amorphous matter With the exception of the Foraminifera and Ostracodes, 
and fine particles of minerals the organisms are fragmentary; some are maero- 
ond siliceous organisms. soopio. 


85*39 (2*00 %), Sponge 'spicules, 

Lituolidu*. 


(2*00 %), Uiidioliirift, Aslrorhiza , 
imperfect, costs, Dintoms. 


(70*00 %), m. di. 0*16 mm., 
rounded and angular ; frag- 
ments of clastic rocks, block 
mien, quartz, felspar, augite, 
maguotito, glauconite, hom- 
blondo. 

(50*00 %), in. di. 0*10 mm., 
angular and rounded; quartz, 
puiniee, felspar, hornblende, 
augite, mica, magnetite, glau- 
conite. 


(13*39 %), a small quantity of 
amorphous matter, with many 
minute fragments of minorals 
and siliceous organisms. 


(16*81 %), amorphous matter, 
with many lino mineral 
particles and fragments of 
siliceous organisms. 


Tliero was nothing in the sounding tuba The trawl line 
parted between the weights and the trawl while being 
hauled in. The gravel and animals obtained came up 
in tho tow-not attached to the weights. Among the 
pebbles were glauconitic and phosphatio concretions. 

The sounding tube had sunk over a foot (30 cm.) into the 
bottom, but brought up only a small quantity of the 
mud. This was of a blue colour with here and there 
some lighter coloured patches. There was no evidence 
to show that the trawl had over touched tho bottom. 


(3*00 %), llailioluria, Sponge (40*00 %), m. di. 0*12 mm., 
spicules, Astrorhizidio, Lituo- rounded ; quartz, monoclinic 
lidie, iruslulos of Diatoms. and triclimo felspars, horn- 

blondo, pumice, glauconite. 


88*11 (2*00 %), Ihidiolariu, 

liizidu*, LiLuolidiu, 
Diatoms. 


(60*59 %), amorphous matter, 
iino mineral particles, and 
fragments of siliceous organ- 


fragments of 
isms. 


(70*00 %), m. di. 0*15 min., 
rounded; quartz,’ felspar, pla- 
gioelfiSG, hornblende, augite, 
magnetite, pumice, glauco- 
nite. 


(18*11 %), amorphous matter 
and many minute mineral 
partiolos. 


Tho sounding tube had sunk nearly 14 inches (36 cm.) 
into the deposit and brought up about a litre of the mud. 
This was of a blue -grey colour throughout, with the 
exception of the thin watery surface layer, which had 
a brown colour. Some of the particles of felspar are 
kaolinised while others show no alteration. 

The sounding tube brought up only a small concretion 
about 16 cm. in diameter. In the trawl there were five 
or six similar concretions and a little of the Blue Mud 
described. The concretions are phosphatic and contain 
glauconite. Many of the Foranunifera are macroscopic- 
Some of the mineral particles attain a diameter of 1 
mm. Many of the minerals, principally the felspar, 
ore covered by or impregnated with a green ohloritic 
matter apparently intimately united to the mineral" 
which it envelops. Felspar is chiefly represented by 
plagioclose. Some quarts grains contain inclusions of 
liquid carbonio acid. 


(dmaf-sba deposits ohall. exp, — 1890 .) 


Sandy Point to Falkland Islands. Falkland Islands to Eio de la Plata. 
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THE YOYAGE OF H.M.S. CHALLENGER. 


See Chart 16, and Diagrams 6 and 22. 



Temperature 
of the Sea- 
water 
(Fahr.). 

Bottom I Surface 


Designation and Physical Characters. 


Carbonate of Calcium. 


Foraminifera. 


Other Organisms. 


1876 ° ' " 

Feb. 15 Off Monte 

! Video. 


821 „ 26 85 2 0 S. 

56 15 0 W. 


78 ‘6 Blub Mud, grey-brown, plastic, 
greasy, homogeneous, hut con- 
taining some large fragments of 
Molluscs and terrestrial plants, 
sublustrous streak. 

Residue brown. 


1-13 A few Miliolida. 


Fragments of Gasteropoda and 
Lamellibiuncha, a fow Ostra- 
codea and Echini spines. 


26 I 36 20 0 S. 21 
68 42 0 W, 


71 *5 Sa 20> and Shells. 


*828 „ 28 36 89 0 S. 1000 83*1 73‘6 Blub Mud, 

50 47 0 ~W, aliektlv nl 


saw g ** ‘‘sraasrs?. 


824 29 48 22 14: 2800 82-6 71 ' 5 B Xti? I ^ , ea5i e and“Sy 4 '°^ Ghbigerina (2‘04 %), small tooth of Mi. 

granular to the touch. 

Residue brown. 


825 Mar. 2 88 44 0 3. 2050 327 70-8 Blttb Mud, grey, slightly plastic, ... 

arenaceous, finely granular, 
flarthy, pulverulent, sublus- 
trona streak. 


* See anal 64, 65. 
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Additional Observations. 


Per cent Sflioeoua Organisms. 


Pine Washings. 


Tlio mud from tho anchor in the harbour was tho same 
aa that described for Station 821, only somowhnt darker 
in colour. 


(1 -00 %), Lituolidre, frustules of (3*00 %), m. di. 0*08 mm., angu- 
Diatoms. lar and rounded ; quartz, 

pumice, felspar, plagioclase, 
hornblende, augite, mag- 
netite, particles of volcanic 
rocks, a few glauconitic grains. 


(94-87 %), amorphous matter The dredge brought up a largo quantity of blue 
and small mineral particles. tenacious mud. 


The trawl brought up many dead shells of Pccicn. 
&o., covered with Annelid tubes, and somo sand 
formed . of grains, about 1 mm. in diameter, of 

_ i _ n 1 T_ 1 1 


a more or less oval sliapo and grey colour. Those con- 
tained all the above minemlSj quartz particles about 
0*5 mm. in diameter predominating. The mineral 
particles aro agglutinated by a ferruginous clay, 


90*96 (5*00 %), Jiftdiolaria, Sponge 

.smctuloH, AHtrorhizidoj, Litu- 
oiiditi, Diatoms. 


(20*00 %), m. di. 0’08 mm. , 
angular and rounded ; quartz, 
felspar, plngioclnso, mica, 
horn blonde, augite, mag- 
netite, glauconite. 


(71 ‘96 %), amorphous matter, 
with many minute mineral 
particles. 


The sounding tube brought up over n quart (over a litre) 
of tho mud. This ms of a blue colour, oxuopfc a tbin 
watory surface layer of a ml or brown colour. Tho 
calcareous organisms wore cliiolly eoniinod to the surface 
layers. Tho trawl and attached tow-nets contained a 
little of the doposit, tho siuno as tho upper layers in tho 
sounding tube, and in tho trawl there wore several 
large lumps of tlic stilF Blue Mud of tho lower layers. 
Some of tho Foraminifora are macroscopic. Some 
of tho quartz grains havo a diameter of 1 ram., and 
are covered with limonito, Some of the folspar porticloB 
havo vitrcouB inclusions. 


(6-00 %), Radiolaria, Sponge (20-00 %), m. di. 0*08 mm. 
spicules. Astrorhizidtn. Litu- angular and rounded ; quartz 


spicules, Astrorhizidtn, Litu- 
olidte, Diatoms. 


(5 ‘00 %), Rudiolarift, A&tror- 
Ivkdy Lituolidfc, Diatoms. 


angular and rounded ; quartz, 
pumice, plagioclaao, horn- 
blende, mica, magnetite, 
glauconite. 


(TO'OQ %), amorphous matter, 
with many minute minors! 
paTfcioloe. 


(20*00 %), m. di. 0*08 mm., (75*00 %), amorphous matter 


angular and rounded ; quartz 
sometimes coated with limo- 
nite, pumice, brown glassy 
volcanic particles, mica, sani- 
dine, hornblende, augite, mag- 
netite. 


and many fino mineral par- 
ticles. 


Tho sounding tube brought up over a litre of tho mud of 
tho same groy-brown colour tiiroughout. A second 
sounding was token and gave tho samo kind of deposit 
at a depth of 2840 fathoms. Some of the quartz 
particles reach a diameter of 1 mm., and are covered 
with limonito. Tho trawl line parted after tho trawl 
had been some time on the bottom. 

Tho sounding tube had sunk fifteen inches (87*6 cm.) into 
the bottom and brought up nearly two litroB of tho 
mud, of which the lower layer was reddish rather than 
grey. There was also about half a litre of mud in the 
trawl and attached tow-nets. No effervescence was 
observed when the deposit was treated with acid. 
The magnetite is not always isolated, but is often 
found inclosed in particles of volcanic rocks, or as 
inclusions in hornblende and augite. 


Falkland Islands to 
Rio de la Plata — contini 


Bio de la Plata to Tristan da Ounha — continued. 


THE YOYAGE OE H.M.S. CHALLENGER. 


See Chart 16, and Diagram 6. 



Temperature 
■H of the Sea- 

^ Tyaf ap 

bJ (Pohr Designation and Physical Characters. 

Si r — 

Bottom Surface 


Carbon 1 Anus of Calcium. 


Eoraminliera. 


Other Organisms. 


326 Mar. 8 37 8 0 S. 2776 82*7 67*8 Blub Mud, ^roy-biwu, arena- 3*11 

44 17 0 W. ooous, plastic, finely granular, 

diying into slightly coherent 
earthy masses. 

Residue grey-brown. 

827 i, 4 86 48 0 S. 2900 82*8 70 '2 Bed Olay, grey-brown, finely 

42 45 0 W. granular, slightly coherent, 

earthy. 


(8 *11 %), small teeth of fish. 


6 87 38 0 S. 2900 82*9 68*0 Red Olay, grey-brown, plastic, 

39 86 0¥. unctuous, coherent when dry, 

finely granular, sublustrous 
streak. 


7 87 81 0 S. 2676 32*8 64*6 Red Olay, grey-brown, plastic, 0*70 


36 7 0 W. 


LED ULAY, grey- brown, plastic, 
unctuous, homogeneous, dry- 
ing into fine-grained coherent 
mosses, sublustrous streak. 


Fragments of pelagic Foramini- 
fora. 


8 37 46 0 S. 2440 82*7 64*2 Red Olay, grey-brown, homo- 10*36 

S3 0 0¥. geneoue, coherent, lustrous 

Btreak. 

Residue brown. 


(6*00 %), fragments of Globi- (4-36%), OstracodcB, one or two 
gernndce, FulvinuUna. fragments of Echini spines, 


Coccoliths. 


». 37 47 OS. 1715 36*4 64*6 Globigertna Ooze, white with a .78*38 

30 20 0 W. slight rose tint, granular, pul- 

verulent. 

Residue brown. 


laridro, Lagenidee, Rotalid®. 


,10 37 29 O S. 2200 84-0 64-0 Globigeeina Ooze, grey with 65‘67 (56-00 %), Globigerinid®, Pul- (7 -07 %), fragments of Ptero 

27 31 0 W. a rose tinge, homogeneous, vinulina. pods, Echini spines, Cocco 

nlin1^4lv 70. AA 0/ \ “ErJlf -If J m _!J_ Ti j.1 _ f i l 


ghtlv coherent. 
Residue brown. 


(8*00 %), Miliolidae, Textularidm, 
Lagenidee, Rotalidee. 


liths, Coccospheres. Rhabdo- 
litba. 


888 „ 18 86 86 OS. 2026 86-3 07-0 Globigebina Ooze, white, 88-97 (76-00 %), Globigerinidte, Pul- (10-97%), fragments of Ptero- 

il 12 0 W. slightly ooberent. vinulina. pods, Ostracodes, 'Blr.'hfni 

Residue red. (8*00 %), Mihohdro, Textularid©, spines, Polyzoa, Oocooliths, 

Lagenidee, Rotalidee. Coccospheres, Rhabdoliths. 


See anal. 52. 
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BiESEDUB. 

Additional Observations. 


Per cent. 

Siliceous Organisms. 

Minerals. 

Pine ■Washings. 



96*89 

(6 *00 %), Radiolaria, Sponge 
spioulos, Astrorliizidre, Litu- 
olidm, frustuloa of Diatoms. 

(20*00 %), m. di. 0*08 mm., 
angular and rounded ; quartz, 
pumice, white mioa, horn- 
blende, felspar, magnetite. 

(71*89 %), amorphous matter, 
with many fine mineral 
particles and fragments of 
siliceous organisms. 

The sounding tube had sunk 16 indies (37 '5 cm.) into the 
bottom and brought up a quart and a half of the deposit. 

It had a red, rather than a grey, tinge, and not nearly 
so dark in colour as the soundings nearer the coast. 


100*00 

(6*00 %), Radiolaria, Spongo 
spicules, Astrorhizidm, Litu- 
olideo, Diatoms. 

(6*00 %), m. di. 0*06 mm., 
angular and rounded ; quartz, 
pumice, mica, hornblende, 
augito, magnetite, magnetic 
spherules. 

(90*00 %), amorphous matter, 
with a large quantity of fine 
mineral parades and frag- 
ments of siliceous organisms. 

Over a quart (over a litre) of the deposit was obtained in 
the sounding tube. The upper layers had a dork slate 
colour, while the lower had a tinge of red and ware more 
compact Wo effervescence was notiood when treated 
with adds, and the remains of calcareous organisms 
appear to be quite absent 


100*00 

(6 *00 %), Radiolaria, Spongo 
spioulos, one or two arona- 
coons Foraminifera, frustuloa 
of Diatoms. 

(3*00 %), m. di. 0*10 mm., angu- 
lar and rounded ; quartz, mag- 
netite, pumice, basaltic scorim, 
felspar, augito. 

(92 '00 %), amorphous matter, 
with a large quantity of 
minute mineral parades and 
fragments of siliceous organ- 
isms. 

The sounding tube brought up over a quart (over a litre) 
of the clay, of which the upper layers were slightly 
darker than the lower. The partides of basaltic 
soon© attain in some cases a diameter of 1 mm. 


99*80 

(6*00 %), Radiolaria, Sponge 
spioulos, one or two arena- 
ceous Foraminifera, frustuloa 
of Diatoms. 

(1*00 %), m. di 0*07 nun., 
angular ; quartz, plagioclase, 
voloanic scorire, magnetite, 
mioa. 

(93*30 %), amorphous matter 
with many mmute mineral 
partides and fragments of 
siliceous organisms. 

The sounding tube brought up over a quart (over a litre) 
of the day. The whole had a slightly red tinge, the 
upper layers being rather darker than the lower. A 
second sounding gave a depth of 2760 fathoms, and the 
deposit brought up was quite the same ns that described. 


89*64 

(1*00 %), Radiolaria, Diatoms. 

(1*00 %), m. di. 0*06 mm., angu- 
lar ; felspar, quartz, mioa, 
magnetite, glassy volcanic 
particles, manganese. 

(87*64 %), a large quantity of 
amorphous matter with 

minute mineral partides. 

The sounding tube hod sunk about 16 inches (37*6 cm.) 
into the bottom, and brought up about two quarts (over 
two litres) of the clay, of which the lower layers had a 
blue rather than a red tinge. These lower layers con- 
tained very little, if any, carbonate of lime. One worm 
tuba had a deposit of manganese in the inside. 


21 *62 

1 

(2*00 %), Spongo HpieulcN, lta- 
diolaria, Astrorhizidni, Litu- 
olidic, imperfect cants of 
Foraininifora. 

(1*00 %), in. di. 0*06 mm., 
angular ; quartz, felspar, oli- 
vine, hornblende, black mica, 
volcanio Bcorim. 

(18*62 %), amorphous matter, 
with many minute mineral 
particles, and fragments of 
siliceous organisms. 

The tube had sunk a foot (30 cm. ) into the bottom and 
brought up about a quart (over a litre) of the ooze. The 
lower layers were more compact thau the upper. The 
trawl came up fouled. In one of the tow-nets at the 
• trawl there were a great many dead empty shells of 
Foraminifera which evidently came from the bottom. 
Some of the quartz partides are about 1 mm. in diameter, 
and sometimes rounded. 


34*33 

(3*00 %), Radiolaria, Astror- 
liizidm, LituolidiE, Diatoms. 

(1 *00 %), m. di. 0*06 mm., angu- 
lar ; quurtz, felspar, horn- 
blende, augito, magnetite, 
pumice. 

(30*33 %), amorphous matter, 
minute mineral particles, 
fragments of siliceous organ- 
isms. 

Although tho sounding tube had penetrated the bottom 
to a depth of 16 inches (37*6 cm,), yet only a small 
quantity of the deposit was brought up. One of the 
tow-nets at tho trawl was full of ooze of the same nature 
as that brought up by the sounding tube. In the dredge 
there was a piece of Ted volcanic scoria, and on passing a 
large quantity of the deposit through fine sieves four 
or five fragments of rooks wore obtained with a 
diameter of about 6 mm., one formed prindpally of red 
orthodaso, the others lapilli, probably basaltic. 


11*03 

(1*00 %), a fow Radiolaria, 
Astrorhizidm, Lituolidm, im- 
perfect casta of Foraminifera. 

(1-00 %), m. di 0*06 mm., angu- 
lar ; monoclinic and tricliuio 
felspars, hornblende, augito, 
glassy volcanic particles, 

scoriaceous and magnetic 

particles. 

(9 *03 %), amorphous matter, 
fine mineral partides, minute 
fragments of siliceous organ- 
isms. 

Judging from the marks found on the outside, the sound- 
ing tube had sunk nearly a foot (30cm.) into tho deposit : 
in tiie inside of the tube there was, however, only a small 
quantity of the ooze. There was a little ooze in the 
tow-nets at the weights and trawl and in the bag of 
the trawL About six quarts (nearly 7 litres) altogether 
of the ooze were obtained. This was the same as that 
procured by the sounding tube. 


Bicfde la Plata to Tristan da Cunha- 


THE VOYAGE OP H.M.S. CHALLENGER. 


See Chart 16, and Diagrams 6 and 7. 


Position. 


Temperature 
of the Sea- 

Designation and Physioal Characters. 

Bottom I Surface 


OABBOHATB OP QAKmTtt. 


Percent. 


Poramlnifera. 


Other Organisms. 


1876 ° ' " 

334 MaT. 14 35 45 0 S. 1915 35*8 

18 31 0 W. 


Globigbbina Ooze. light brown 86-21 (76-00 %), Globigerinida, Pul 

l0m0g8 - (! «r« Text* 


neons lower layer. 

Residue red-brown and 

cream coloured respec- 
tively. 


’i/cn u/uwiM, 

(3*00 %), Biloculina, Textu- 
laridaj, Lagenidee, Rotalidea. 


(7*21 %), Pteropods, Ostracodes, 
i Echini spines, Ooccoliths, 
Ehabdolitha. 


32 24 0 S. 
13 5 0¥. 


Ptebopod Ooze, white with 08-77 (76-00 %), Globigerimdre, Pul- 

rose tinge, granular, pnlveru- mnulvricL. 

lent, presenting many sharp (3'00 %)» MiliolidflB, Textu- 

particloa when pressed between land®, Lagan idee, Rotaliaee. 

the fingers. 

Residue yellow-brown. 


(15-77 %), Otoliths of fish, D&ri- 
talium, Gasteropoda, Lamelli- 
branohs, Pteropods, Ostra- 
codes, Scalpcllum (plates), 
Echini spines, Ooccoliths, 
Coccospheres, Rhabdolitha. 


27 64 0 S. 1890 
ISIS 0W. 


S-fi 76-0 Globigerlna Ooze, white with 79*02 (70-00 %), Globigerinid®, Pul- (7’02 %), J^aJl 

rose tinge, fine grained, slightly mnulina. Ooccoliths, Rhabdolitha 

coherent (2‘00 %), Textuland®, Lagemdaj, 

Residue dark red-brown. Rotalidm. 


24 38 OS. 1240 37*2 77*0 Pteropod Ooze, white with 08 '47 

13 36 0 W. black spots and shining soalea, 

granular. 

Residue grey-brown. 


(60-00 %), Globigerinid®, Pul- (46*47%), Otoliths of fish, Gostero- 
vinulmou pods, Pteropods, Heteropods, 

(2-00 %), MiUolma, Textulaiddas, Ostracodes, Echini spines, 

RotaEdffi. Ooccoliths. 
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ILEflEDUB. 

Additional obshbvahonb. 

Per cent. 

Sllloeons Organisms. 

Minerals. 

Fine Washing a. 


1470 

(1 *00 %), a few Radiolaria, im- 
perioot casts of Forarainifera, 
Astrorhizidse, Lituolid®. 

(1*00 %), m. di. 0*00 m, 
angular; sanidine, plagioolase, 
hornblende, mica, magnetite, 
glassy volcanio particles. 

(1279 %), amorphous matter, 
many fine mineral particles, a 
few fragments of siliceous 
organisms. 

The sounding tube had sunk about a foot (80 om.) into > 
the bottom and brought up a litre of the deposit. Of 
this there were two layers separated by a thin dark 
line, an upper layer of a light brown colour and about 

8 inches (20 om.) in thickness, composed essentially 
of the shells of pelagic Foraminifera, and a lower, milk 
white and over an inch (26 mm. ) in thickness, chiefly 
made up of amorphous calcareous matter and Cocco- 
liths. On analysis the upper layer gave 84*06 per cent 
of carbonate of lime, the lower 86*77 per cent The 
annexed analysis is the mean of these two results. 
The passage between the two layers appeared to be 
quite abrupt, so far as could be judged from a careful 
examination of the contents of the sounding tube. The 
tow-nets at the weights and at the trawl contained a 
little of the ooze, which was the same as the npper 
layer above described. A fragment of the hardened 
deposit about 1 cm. in diameter was taken from the 
washings from the trawl. 

6'28 

i 

(1*00 %), Sponge spicules, 

Radiolaria, Lituolidm, imper- 
fect casts of Foraminifera. 

(1*00 %), m. di. 0*06 mm., 
angular; felspar, hornblende, 
grains and crystals of 
magnetite, glassy volcanic 
fragments, pumico, manga- 
nese grains. 

(4*28 %), amorphous matter, 
many fine mineral particles, 
some fragments of siliceous 
spicules. 

The sounding tube had not apparently sunk far into the 
bottom as there were no traces of mud or ooze ou the 
outside, and in the inside only about half a pint (0 *8 
litre) of the ooze. In the dredge and attached tow-nets 
there were about 10 litres of the ooze and three pieces 
of pumice, measuring fully an inch (26 mm.) in dia- 
meter, and more or less rounded. They are white and 
scoriaceous, although the pores are generally small and 
contain only a few porpnyritic minerals, felspar and 
augite. These porphyritie minerals in many instances 
project above the rounded smooth surface of the 
pumice. Some of the shells of the arenaceous Fora- 
minifera are formed -of agglomerations of microliths 
of hornblende, little fragments of felspar and mag-' 
netite, and of vitreous particles. Many of the shells of 
the pelagic Molluscs are black and brown from a coat- 
ing of manganese, and are macroscopic. A Pteropod 
Ooze, it must be remembered, only indicates a relative 
abundance and not a predominance of these shells in 
the deposit. 

20*98 

(1-00 %), Radiolaria, Lituolidre. 

(1*00 %), m. di. 0‘10 mm., 
angular ; fragments of brown 
glassy volcanio rock with 
the conchoidal fracture of 
obsidian, sanidine. magnetite, 
vesicular felspatliic lapilli, 
small partioles of manganese. 

(18*98 %), flocculent amorphous 
matter, with minute fragments 
of minerals, manganese, and 
Radiolaria. 

The sounding tube brought up only a small quantity of 
the deposit. The splinters of volcanic rock are some- 
times 0*6 mm. in diameter, and make up almost the 
whole of the mineral particles in the deposit. Note 
the absence of Pteropod and Heteropod shells in this 
deposit. 

1*63 

A few largo Radiolaria, . frag- 
ments of Sponge spicules, 
Astrorliizidai, Lituolidce. 

M. di. 0*00 mm., angular ; a few 
partioles of felspar and mag- 
netite. 

Traces of flocculent matter. 

The sounding tube brought up about half a pint (0 *3 litre) 
of the deposit, which contains very little amorphous 
calcareous or clayey matter, and is chiefly composed of 
the shells of pelagic Molluscs and Foraminifera. Many 
of the shells are fully 1 cm. in length, some of them 
black or brown with a thin coating of manganese, some 
transparent. The tow-nets had not been at the bottom, 
and lie dredge seemed jast to have touched. This is 
the shallowest depth far removed from land of any . 
kind met with during the cruise. 
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See Charts 16 and 43, and Diagram 7. 


% . 

Date. 

Position. 

tl 

fl 

Temperature 
of the Sea- 
water 

(Fahr,). | 

Designation and Physical Characters. 

Carbonate op Oakhum. 




Apr - 
B 

ottom 8 

urface 


Per cent 

Foraminifera. 

Other Organisms. 

• *888 

1876 

Mar. 21 

oto 

21 16 0 S. 

14 2 OW. 

1090 

o 

86 '8 

0 

76*6 

Globigbblna Ooze, white, with 
Blight rose tinge, granular, 
homogeneous, resembling chalk 
when dry. 

Residue reddish-brown. 

92 '54 

(80*00 %), Globigerinidfle, Pul- 
vinulina. 

(1*00 %), Miliolida, Textularidse, 
Lagenidse, Rotalid©, Kunomu- 
linidee. 

(11 *54), Otoliths of fish, Gastero- 
poda, Lamellibrancha, Ptero- 
pods, Hoteropods, Lems valves, 
Ostracodes, Echinodorm frag- 
ments, Polyzoa, Ooccoliths, 
Rhabdoliths. * 

389 

.. 23 

17 26 0 S. 

18 62 0 W. 

1415 

37-2 

76-0 

Pterofod Ooze, white, with a 
faint red tinge, granular, pul- 
verulent. 

Residue red. 

95-61 

(70*00 %), Globigerinidce, Pul- 
vimdina, 

(2-00 %), Miliolidsa, Textnlaridsa, 
Lagenidse, Rotalidse. 

(23-01), Otoliths of fish, Gastero- 
poda, Pteropods, Heteropods, 
Ostracodes, Echinodorm frag- 
ments, Ooccoliths, Cocco- 
sphercfl, Rhabdoliths. 

340 

24 

14 33 0 S. 
13 42 0 W. 

1500 

37*6 

77*2 

Pterofod Oozb. 


Globigerina,, Pulmnulina. 

Pteropods, Ooccoliths, Rhabdo- 
liths. 

341 

,, 26 

12 16 0 S. 

13 44 0 W. 

1475 

38-2 

79 '0 

Pteropod Ooze. 

... 

Qldbig&rina , Pulmnulina. 

Pteropods, Ooccoliths, Rhabdo- 
liths. 

342 

l 

„ 26 

9 43 OS. 
13 51 OW. 

1445 

37 ‘5 

80-0 

Pteeopod Ooze. 

... 

Miliolidce, Textularidee, Lage- 
nidse, Globigerina , Rotalidse. 

Otoliths of fish, Pteropods, 

Heteropods, Os tracodes, Echino- 
derm fragments, Ooccoliths, 
Rhabdoliths. 

343 

a 

27 

8 3 0 S. 
14 27 OW, 

425 

40*3 

80 '8 

Globigerina Ooze, white. 
Residue brown- black. 

96-80 

(76-00 %), Globigerinidce, Pul - 
vinulina. 

(6*00 %), Textularidro, 

Lagenidse, Rotalidse. 

(16-80 %), Lamellibrancha (lar- 
val), fragments of Pteropods, 
Heteropods, Ostracodes, Echi- 
noderm fragments. 

3 

B 

§ 

, 30 

i From Long 
Beach. 



• 6 • 

Coral Sand, white, with some 
black and pink particles. 
Residue grey. 

08-04 

A few fragments of Potytrema, 
rubra . 

(98’04 %), fragments of Gastero- 
poda, Lamellibrancha, Echino- 
derms, Polyzoa, Millepores, 
and calcareous Algae. 


April 5 

i From the 

Anchorage. 

7 

... 


Coral Sand, light yellow, with 
bosses of living calcareous 
Alg». 

Residue heavy black and 
fine cream'ooloured matter. 

90-56 

(5 '00 %), MMolina, Awphiste - 
gina. 

(01-56 %), Gasteropods, Lamelli- 
hrancha, Ostracodes, E chino - 
derm fragments, Polyzoa, 
Millepores, calcareous Algae. 


See anal. 63, BBa, 68, 69; PI. XI. fig. 4 ; P1.;XIL fig. 1 ; PL XXIII. figs. 10, 11, 18. 
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Residue. 

Additionai Observations. 

Percent 

Siliceous Organisms. 

Minerals. | 

Pine Washings. 


7*40 

(1*00 %), Sponge spicules, Ra- 
diolaria, imperfect casts of 
Foraminifera, Astrorhizidee, 
Lituolidre, a few Diatoms. 

(1*00 %), in. di 0*06 nun., 
angular ; felspar, hornblende, 
magnetite, magnetic spher- 
ules, pumice, a few manganese 
grains, bronzite spherules. 

(5*40%), amorphous matter, 
with small mineral particles 
and fragments of scoriae and 
siliceous organisms. 

This is one of the purest Globigerina Oozes obtained 
by the Challenger and is almost wholly composed of 
the dead shells of surface organisms. The general ap- 
pearance of the deposit is represented in PI. ill. fig. 1. 

On comparison with fig. 8 it will be noticed that the 
majority of the shells are, in this deposit, much 
smaller and thinner than in the deposit nearer the 
equator. The younger specimens are mnch more 
numerous and the species whioh predominate are 
different. These remarks hold good also for the 
specimens taken on the surface. A few pumice frag- 
ments were found in the washings of a large quantity 
of deposit. 

4*89 

(1*00 %), Radiolaria, Sponge 
spicules, Lituolidee. 

(1*00 %), m. di. 0*00 mm., an- 
gular ; fragments and crystals 
of sanidine and plagioclase 
often inclosed in vitreous 
matter, augite, magnetite, 
greenish chloritic particles, 
manganese grains. 

(2*89 %), amorphous matter, 
fine mineral particles, and 
a few minute fragments of 
siliceous spicules. 

The tube had sunk nearly 10 inches (25 cm.) into the 
bottom and brought up over one litre of the deposit. 
Many of the Pteropod and Heteropod shells are quite 
black and others have a brown colour from a coating of 
manganese. The shells of the pelagic Molluscs were 
more abundant in the surface than in the deeper layers 
of the deposit, only a few being observed in the ooze at 
the lower end of the tube. Many of the Foramimfera 
are brown coloured from a deposit of oxide of iron on 
their surfaoe. Note that the shells of Pteropods and 
Heteropods are abundant in this deposit, but are rare 
at the preceding station, which is 575 fathoms deeper. 



Manganese grains. 


The sounding tube came up with some traces on the out- 
side which indicated that it had sunk about a foot (80 
cm. ) into the bottom. The deposit is similar to that at 
Station 889. 



Manganese grains. 


The sounding tube came up empty, with the exception 
of a few Pteropod shells, Foraminifera, and small 
particles of peroxide of manganese. On the outside of 
the tube there were several black streaks, which on 
examination were found to be due to peroxide of 
manganese. 


A few Radiolaria, Lituoliilm. 


A trace of amorphous matter. 

The hydra sounding tube was used, and brought up only 
a Bmall quantity of the deposit which was chiefly 
composed of Pteropods, Heteropods, and pelagic 
Foraminifera. Many of the Pteropods are covered 
with a thin coating of peroxide of manganese. Many 
of the shells are macroscopic. There was an insufficient 
quantity for analysis. 

3*20 

(1‘00 %), one or two Radiolaria, 
fragments of Sponge spicules, 
ffaplophragmium. 

(1*00%), m. di 0*20 mm., 
angular ; much plagioclase 

(1*20 %), a small quantity of 
flocculent matter and minute 

The sounding tube brought up two pieces of Coral coated ' 
with manganese. There was a little ooze on qno of 
the swabs, from which the analysis and description is 
taken ; probably the percentage of carbonate of lime is 
too high. The dredge was empty. 


and sanidine, hornblende, 
magnetite, augite, very rarely 
quartz and olivine. 

fragments of minerals. 

1*90 


(1*00 %), m. di. 1*00 mm., 
rounded and angular ; a few 
fragments of volcanic rocks 
and vesicular lapilli. 

(0*96 %), a small quantity of 
flocculent matter and a few 
fragments of minerals. 

This sand is chiefly composed of calcareous Algae, frag- 
ments of Gasteropod and Lainellib ranch shells, with a 
few fragments of Millepores, Eohinodenns, very rarely 
Polyzoa, and Foraminifera. The fragments are all 
rounded and polished by the action of the waves, and 
have a mean diameter of about 1 *8 mm, 

3-44 

' 

(1*00 %), m. di. 0*50 mm., 
angular and rounded; felspar, 
magnetite, augite, olivine, 
scorioceous particles and other 
fragments of volcanic rocks. 

(2*44 %), flocculent organic 
matter and minute fragments 
of minerals. 

The sand of Long Beach would appear to have its 
origin from the broken fragments of calcareous Algce 
carried by the waves from this locality and similar 
depths around the island. 


(deep-sea deposits chall. exp. — 1890 .) 
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See Charts 6, 12, and 43, and Diagram 7. 



l” 

■ 

Poaltlon. 

<il 

sg 

fg _ 

Temperature 

ot the Sea- 
water 
(JTfthr.). 

Designation and Physical Character. 

CARBONATE OF CALCIUM. 


8SH 


HR 

B 

ottom S 

orfa.ce 


Percent. 

Foramintfera. 

Other Organisms, 

344 

L 

1876 
April 3 

Of ft 

7 64 20 S. 

14 28 20 W. 

420 

0 

a 

82-0 

Calcareous Volcanic Sand, 
mottled brown, black, and 
white. 

Residue mottled black, yel- 
low, and brown. 

71-66 

(60*00 %), Globigerinid©, Pul- 
vinulina. 

(6*00 %), Miliolid©, Textularid©, 
Lagenid©, Rotalid©. 

(10*65 %), Otoliths of fish, frag- 
ments of Gasteropoda and 
Lamallibranohs, Pteropods, 
Ostracodes, Echinoderm frag- 
ments, Polyzoa, Corals. 

’ 845 

» 4 

6 46 OS. 
14 26 0 W. 

2010 

36*8 

82*8 

Globigerina Ooze, white with 
slight rose tinge, granular, 
pulverulent, chalky. 

Eesidue red. 

03*90 

(80*00 %), Globigerinid©, Pul- 
vinulma. 

(2*00 %), Miliolid©, Rotalid©. 

(11 *90 %), fragments of Echini 
spines, Oocooliths, Rhabdo- 
liths. 

346 

„ 6 

2 42 OS. 
14 41 0W, 

2360 

34*0 

82*7 

Globigerina Ooze, light grey, 
granular, slightly coherent, 
chalky. 

Eesidue brownish. 

86-42 

(76*00 %), Globigerinid©, PvX- 
vinulina. 

(2 *00 %), Miliolid©, Textularid©, 
Lagenid©, Rotalid©. 

(8*42%), fragments of Echini 
spines, Coccolitlis, Rhabdo- 
liths. 

847 

.. 7 

' 

0 16 OS. 
14 26 0¥. 

2260 

36*2 

82*0 

G-lobigerina Ooze, grey, 

granular, slightly coherent. 
Eesidue red-brown. 

84*48 

(76*00 %), Globigerinid©, Pul- 
vinulina, 

(2*00 %), Miliolid©, Textularid©, 
Lagenid©, Rotalid©, Num- 
muimidoe. 

(7*48 %), Ostracodes, Echini 
spines, Oocooliths, Rhabdo- 
liths. 

*848 


3 10 0 K. 
14 61 OW. 

2460 


84*0 

Globigerina Ooze, brown- 
grey, homogeneous, granular, 
pulverulent. 

Eesidue black. 

83*13 

/ 

(73*00 %), Globigerinid©. 

(2*00 %), Miliolid©, Textularid©, 
Lagenid©, Rotalid©, Kummuli- 
nia©. 

(8*13 %), Lamellibranchs, Ostra- 
codes, Echinoderm fragments, 
a few Oocooliths and Rhabdo- 
liths. 

' 863 

t 

3 

3 

js 

May 3 

26 21 0 N. 
33 37 0 W. 

2965 

87 -6 

70*7 

Red Clay, unctuous, homo- 
geneous, caking into light 
brown coherent lumps, plastic 
when wet. 

Residue brick red. 

11*12 

(7*00 %), Globigerina^ Pvfoinu- 
lina. 

(1*00 %), Miliolina , Zagena , 

Rotalid©. 

(3*12 %), Otoliths and small teeth 
of fish, Echini spines, a few 
Coccoliths. 

U 

d 

1 

* 36- 

u 

a 

* „ € 

1 82 41 0 N 

86 6 OW, 

. 1676 

. 87-8 

70 *0 

Globigerina Ooze, light grey 
with rose tinge, granular, pul- 
verulent. 

Eesidue rose coloured. 

90*68 

(80*00 %), Globigerinid©, Pul- 
vinulirm. 

(1*00 %), Miliolid©, Lagenid©, 
Rotalid©. 

(9*68 %),. Otoliths and teeth of 
fish, Cirriped plates, fragments 
of Lamellibranch shells, Ostra- 
codes, Echini spines, Cocco- 
liths, Rhabdoliths. 


See PI. XII. fig. 8. 
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residue. 

Additiohaii Observations. 


Per cent 

Siliceous Organisms. 

Minerals. 

Pine Washings. 



28*86 

(1 ‘00 %), two or three Radio- 
laria and a few thin brown 
imperfeot oasts. 

(26*00 %), hl di. 0*00 mm., 
angular ; volcanic materials, 
lapilli, plagioclase, horn- 
blende, augite, olivine, mag- 
netite, palogonite, many 
glassy volcanic fragments 
and coloured altered particles. 

(2*86 %), fiocculent amorphous 
matter, a few minute frag- 
ments of minerals and siliceous 
organisms. 

The sounding tube brought up a few pieces of dead shells 
and Corals, In the dredge and tow-net attached there 
was a little of the sand described. Many of the frag- 
ments of rock, shells, and Corals, were quite black from 
a coating of manganese. Some of the small rock frag- 
ments are black vesicular basalt, transforming into 
palagonite. J 


6*10 

(1*00 %), Radiolaria, imperfect 
casts of Foraminifera. 

(1*00 %), m. di. 0*00 mm., 
angular ; felspar, magnetite. 

(4*10 %), fiocculent amorphous 
matter, minute mineral 

particles. 

The sounding tube brought up about half a quart (over 
half a litre) of the ooze of a uniform colour throughout. 
The pelagic Foraminifera, which make up the greater 
part of mis deposit, are relatively of very large size 
compared with those from higher latitudes. 


14*68 

(2*00 %), Radiolaria, Sponge 
spicules, Astrorliizidce, Litu- 
olidpe. 

(1*00 %), m. dL 0*07 mm., angu- 
lar; monoolinic and triclinic 
felspars, hornblende, magne- 
tite, magnetic spherules, 
fragments of volcanic rocks 
with microliths of plagioclase, 
glassy volcanic particles. 

(11 *68 %), amorphous matter, 
small mineral particle^ and 
minute fragments of siliceous 
organisms. 

The sounding tube had sunk about a foot (80 cm.) into the 
deposit, but with the exception of a few streakB on the 
outside, it brought up no specimen of the ooze; in the 
dredge and attached tow-nets there were about five 
litres. The percentage of carbonate of lime is the mean 
of three determinations from different parts of the col- 
lected deposit 


16*62 

(2*00 %), Radiolaria, imperfect 
casts of Foraminifera, Litu- 
olidce. 

(1*00 %), m. di. 0*06 mm., 
angular ; sanidine, magnetite, 
magnetic spherules, horn- 
blende, manganese. 

(12*62 %), amorphous matter 
and minute mineral particles. 

About one litre of the ooze came up in Hie sounding 
tube. Some of the Foraminifera in this deposit have 
their surfaces dotted with grains of manganese. A few 
shells are coated with manganese, and the Fora- 
minifera are filled with a red substance whioh 
remains as an internal cast after treatment with 
dilute acid. 


10*87 

(1 *00 %), Radiolaria, Astror- 
hizidEe, Lituolidre, Diatoms. 

(1*00%), m. di. 0*06 mm., 
angular ; felspar, hornblende, 
magnetite. 

(14*87 %), amorphous matter, 
with many very minute frag- 
ments of minerals and sili- 
ceous organisms. 

A sounding was taken at this spot in 1878 (see Station 
102), but only a small quantity of the deposit was then 
obtained. In the present instance a dredge and tow- 
net attached were used and brought up altogether 
over 11 litres of the ooze. Many of the Foraminifera 
are covered and filled with a black or dark brown 
substance. This dark substance, to which the colour 
of the deposit is due, is probably carbonaceous, and 
probably comes from the rivers of the western coast y 
of Africa, 


88*88 

(1*00 %), a few Radiolaria and 
Sponge spicules. 

1 

(1*00 %), m. di 0*10 mm., angu- 
lar ; monoclinic and triolinic 
felspar^ rounded grains of 
quartz, hornblende, black 
mica, magnetite and magnetic 
partioles, volcanic glass, man- 
ganese grains. 

(80*88 %), fiocculent clayey 
matter, with many minute 
fragments of minerals and 
Radiolaria. 

The colour of the deposit is due to the hydrate of iron. 1 
The sounding tubo had sunk 14 inches (86 cm.) into 
the bottom and brought up over a litre of the clay. 

The deeper portions were darker coloured and contained 
less carbonate of calcium than the surface layers. The 
manganese grains and fishes' teeth were more abundant 
in the lowerlayer. The shells of the Foraminifera seem 
to be undergoing decomposition, and many of the 
shells split into concentric layers. Some of the 
mineral particles have probably been carried by the 
Hanuattan winds from Africa. This deposit resembles ’ 
those taken in the same region in 1878. 


9*42 

(1*00 %), Radiolaria and Sponge 
spicules. 

(100 %), m. di. 0*10 mm., angu- 
lar ; Banidine, plagioclase, 
rounded fragments of quartz, 
magnetite, augite, manganese 
grams. 

(7*42 %), fiocculent amorphous 
matter, with many minute 
mineral partioles and some 
fragments of Radiolaria. 

The sounding tub© brought up about half a litre of the 
deposit. The residue of this deposit resembles in most 
of its characters the clays in this region of the ocean 
sound at greater depths. The augite is feebly dicro- 
scopic. The Foraminifera axe not so large as those 
nearer the equator. 








Off Ascension — continued. Ascension Island to St Vincent, St. Vincent towards Azores. 
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b. Remarks on the Variation of the Deposits with Change op Conditions along 

THE DIFFERENT LlNES OF SOUNDINGS AND DREDGINGS. 

With the view of enabling the reader to obtain a general idea of the more important 
variations which take place in the nature and composition of marine deposits with a 
change in the conditions, special reference will now he made to the different lines of 
soundings and dredgings of the Challenger Expedition across the various oceanic basins, 
and along the coasts of continents and oceanic islands. In doing this we shall in a 
special manner point out the variations which appear to be due directly to differences in 
depth and of distance from coast influences. A somewhat graphic representation of 
these lines of soundings is presented in the Diagrams at the end of the Volume, where 
the percentage of carbonate of lime in the deposits is placed beneath the name at each 
station, and where the temperature conditions and submarine reliefs are also shown. 

1. Atlantic Ocean. 

England to Gibraltar .— A number of preliminary soundings and dredgings were 
made along the coasts of Spain and Portugal, at the outset of the Expedition, with the 
view of testing the various kinds of apparatus. (See Charts 2 and 3). 

The deposit at 560 fathoms, off the mouth of the Tagus, was a Green Mud or Sand, 
consisting of Foraminifera, Coccoliths, fragments of Echinoderms, Molluscs, and Polyzoa, 
angular fragments of quartz, felspar, mica, magnetite, and many glauconitic particles. 
The calcareous organisms made up about 32 per cent, of the deposit, and, after treatment 
with dilute hydrochloric acid, many dark and pale green, perfectly formed, glauconitic casts 
were observed. The percentage of carbonate of lime in the deeper deposits r emaine d 
about the same, but the glauconitic particles were not nearly so abundant. The mineral 
constituents of this deposit are chiefly derived from the disintegration of continental 
land, and are similar in all respects to those found later on to prevail along the borders 
of the great continents. Passing outwards from the shore, the deposit altered to a Blue 
Mud, which, as the shore was again approached, became a Green Mud in about 1000 
fathoms, and Green Sands in lesser depths. In the Green Muds the glauconitic casts 
were found to be abundant, while they were almost if not entirely absent in the Blue Muds. 

Gibraltar to Madeira.— Between Gibraltar and Madeira six soundings and three 
hauls of tie trawl were obtained, in depths varying from 1090 to 2000 fathoms (see 
Charts 2 and 3). The deposit at each of the stations at which a sample was obtained 
was a Globigerina Ooze. The percentage of carbonate of lime ranged from 53 to 75, and 
consisted almost entirely of pelagic Foraminifera, Coccoliths, and Ehabdoliths. The 
residue, insoluble in dilute add, consisted of a few Radiolaria, minute particles of quartz, 
felspar, augite, glassy volcanic fragments, and clayey mat ter. 
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Off Madeira . — The deposits about the Dezertas and Madeira (see Chart 4) were 
Volcanic Muds, with from 30 to 40 per cent, of carbonate of lime, consisting chiefly of 
pelagic Foraminifera, except in one instance in 670 fathoms, where there was a Calcareous 
Sand with 96 per cent, of carbonate of lime made up of fragments of shells, Corals, 
Polyzoa, &c. The mineral particles in the deposits were angular fragments of felspar, 
magnetite, lapilli, basaltic scoriae, and volcanic glass. 

Madeira to Tenerife . — One sounding in 1975 fathoms was taken between Madeira 
and Tenerife (see Charts 2 and 5); only a small quantity of material was obtained 
sufficient to indicate that the deposit was a Globigerina Ooze. 

Around the Canary Islands . — A number of soundings were taken around and among 
the Canary Islands (see Chart 5). Like those off Madeira, the deposits were chiefly 
Volcanic Muds, the percentage of carbonate of lime varying from 10 to 45. The mineral 
particles were angular fragments of vesicular basalt, augite, sanidine, magnetite, olivine, 
and volcanic glass. 

Tenerife to Sombrero . — The character of the deposits in the section from Tenerife to 
Sombrero (see Chart 6) presented marked differences. All the deposits in depths less 
than 2600 fathoms contained over 50 per cent, of carbonate of lime, and for these the 
names Globigerina and Pteropod Oozes have been adopted. Pteropod Ooze is co nfin ed to 
two deposits from depths of 1525 and 1420 fathoms, the former on the eastern, the 
latter on the western side of the section, in which very many Pteropod and Heteropod 
shells occurred ; in 1420 fathoms the proportion of carbonate of lime was the greatest, 
being 80 "69 per cent. In 1525 fathoms fragments of a large dead Alcyonarian Coral coated 
with manganese peroxide, and attached to large manganese nodules, were obtained in the 
dredge. Only a few fragments of Pteropods were found in the Globigerina Ooze ranging 
between 1890 and 2025 fathoms, the carbonate of lime in the Globigerina Ooze being 
made up chiefly of the dead shells of pelagic Foraminifera. The Pteropod Ooze, however, 
contained all the pelagic Foraminifera, together with Pteropod and Heteropod shells. In 
depths greater than 2600 fathoms, the quantity of carbonate of lime decreased as the 
depth increased, and below 3000 fathoms there were only a few traces in the 
deposit. 

Siliceous organisms, such as spicules of Sponges, Eadiolaria, and Diatoms, were not 
abundant ; generally they did not appear to make up more than 1 or 2 per cent, of the 
whole deposit, with the exception of the two deposits at 1525 and 1420 fathoms, above 
referred to, where the proportion probably rises to from 6 to 20 per cent., owing to the 
large number of Sponge spicules. 

The mineral particles, which were mostly of volcanic origin, seldom exceeded O’ 10 mm 
in diameter, and consisted of felspars, hornblende, augite, magnetite, glassy fragments, and 
palagonite. In the deposits from the eastern portion of the section there were numerous 
small rounded particles of quartz covered with limonite. These would appear to be mostly 
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wind-tome particles, carried by the Harmattan and other winds from the coast of Africa. 
The Red Clay found in the greater depths was almost entirely composed of amorphous 
and clayey matter and fine mineral particles not exceeding 0 - 05 mm. m diameter. In the 
dredging on the 7th March in 2435 fathoms, there were several round compact manganese 
nodules, several millimetres in diameter, and three or four sharks’ teeth coated with 
peroxide of manganese. 

With reference to the distribution of the deposits in this section the Red Clays occupy 
two areas of the ocean bottom, one to the east and one to the westwards, separated by an 
elevated area known as the Dolphin Rise, covered with Globigerina Ooze. A general 
idea of this section, with the relation of the percentage of carbonate of lime to depth and 
the distribution of the deposits, can be formed from Diagram 1. 

Off Sombrero Island . — Three soundings were taken off Sombrero Island, in 450 to 
590 fathoms (see Chart 7). These were designated Pteropod Oozes, for, although 
containing a large percentage of pelagic and other Foraminifera, there was also present a 
relatively large number of Pteropod and Heteropod shells. The average percentage of 
carbonate of lime was 84 - 27. The mineral particles were similar in quality and quantity 
to those in the deposit in 1420 fathoms in the preceding section. 

St. Thomas to Bemnuda . — In the section from St. Thomas to Bermuda (see Charts 6 
and 7), the deposits at the depths of 625 and 390 fathoms on the plateau to the north 
of the Virgin Islands were Pteropod Oozes, with 69 and 74 per cent, of carbonate of lime, 
containing a few small mineral particles and some amorphous matter. These deposits 
resemble in most respects the deposits in similar depths off Sombrero, and, although 
named Pteropod Oozes, differ considerably from deposits bearing the same name obtained 
at greater depths far removed from dry land. The deposits from depths greater than 
2700 fathoms contained from 4 to 18 per cent, of carbonate of lime, which consisted of 
broken shells of pelagic Foraminifera ; these were mostly confined to the surface layers. 
A few inches beneath the surface the deposit showed only a very slight sign of effer- 
vescence when treated with dilute acid. There is a gradual decrease in the depth from 
2960 fathoms, north of St. Thomas, onwards to Bermuda, and the corresponding increase 
in the percentage of carbonate of lime is strikingly exemplified. At 2960 fathoms there 
was 3 per cent, of carbonate of lime, at 2859 fathoms there was 18 per cent., at 2700 
fathoms there was 22 per cent., at 2600 fathoms 29 per cent., at 2475 fathoms 54 per 
cent, at 2250 fathoms 70 per cent., at 1820 fathoms 82 per cent., and at 950 fathoms 
89 per cent., while the deposits immediately surrounding the island of Bermuda in some 
instances contained as much as 93 per cent, of carbonate of lime, the percentage being 
greater the nearer the reef and the less the depth. The mineral particles in all the 
deposits in this section were exceedingly minute, rarely exceeding 0'07 mm. in diameter, 
and consisted of fragments of pumice, felspars, magnetite, and augite. The relation of 
depth and percentage of carbonate of lime is seen at a glance by referring to Diagram 2. 
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Off Bermuda . — Poring the two visits to Bermuda a number of soundings and 
dredgings were mad e around the islands and inside the reefs (see Chart 8). At a depth of 
200 fathoms, about 2 miles from the reefs, the deposit was composed of large fragments 
of Coral, Foraminifera, Eehinoderms, Polyzoa, Molluscs, Algae, and concretionary lumps, 
some of which were 2 or 3 centimetres in diameter. At 380 fathoms, 3 miles from 
the reefs, the fragments were smaller, and, in addition to the above, there were many 
Pteropod and Heteropod shells. At 950 fathoms, 4 miles from the reefs, the particles 
were still smaller, and there was a considerable admixture of pelagic Foraminifera. 
At 1950 fathoms, 5 miles from the reefs, the deposit was a nearly pure Grlobigerina 
Ooze, made up chiefly of pelagic Foraminifera, with only a small proportion of 
species living on the bottom and fragments .from the reefs. All these deposits 
contained from 81 to 93 per cent, of carbonate of lime. The residue, after treatment 
with dilute acid, consisted of a few siliceous spicules, of felspar, augite, magnetite, and 
glassy fragments. None of the mineral particles exceeded 0*07 mm. in diameter. At 
2650 fathoms, 30 miles from the reef, the deposit was a Globigerina Ooze, containing 
over 60 per cent, of carbonate of lime, and Red Clay at still greater depths. The 
appearance of the deposits off the Bermudas, in depths of 200, 380, 950, and 1950 
fathoms, is represented in the four figures of Plate XIII., and these show a gradual 
change in the size and nature of the calcareous organic remains with increasing depth 
and distance from the islands, although the percentage of carbonate of lime remains 
nearly the same at all depths. 

Inside the reefs, in depths of 4 to 10 fathoms, there were Coral Muds and Sands, 
consisting for the most part of triturated fragments of calcareous Algae, Corals, Polyzoa, 
mixed with which were Foraminifera, Serpula, Gasteropods, and Lamellibrancha. These 
gave on analysis from 86 to 95 per cent, of carbonate of lime. A few Sponge spicules, 
imperfect casts of Foraminifera, and Diatoms were also present ; the mineral particles were 
few but relatively large, fragments of quartz and volcanic glass being the most abundant. 

Bermuda to Halifax . — The deposits between Bermuda and the coasts of North 
America (see Chart 9) showed, irrespective of depth, a regular decrease in the quantity 
of carbonate of lime as the American shores were approached. While over 50 per 
cent, of carbonate of lime occurred at 2600 fathoms, about 100 miles from Bermuda, 
in 1240 and 1250 fathoms, near the American shores, only 15 and 16 per cent, were 
found. The large pelagic Foraminifera made up the principal part of the carbonate of 
lime in the deposits around Bermuda, but they disappeared almost completely from the 
bottom when within the influence of the Labrador current. Rhabdoliths likewise 
disappeared from the bottom along with the larger tropical pelagic Foraminifera, while 
Coccospheres were found in the deposits under the Labrador current. The remains of 
siliceous organisms were uniformly though sparingly represented, with, however, specific 
differences in the cold and warm regions. 
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The mineral particles increased in size and number as the American continent was 
approached, where they consisted of fragments of quartz, monoclinic and triclinic felspars, 
hornblende, augite, magnetite, mica, and glauconite. An ideal section, with depths and 
percentages of carbonate of lime, is given in Diagram 2. On the 7th May a large block 
of syenite weighing 490 lbs. (222 kilogrammes), which had become jammed between the 
arms of the dredge, was brought up from 1340 fathoms. In this and the other dredgings 
within the influence of the Labrador current, over 100 miles from the shore, many stones 
were dredged, most of them being rounded pebbles or large grains with rounded angles ; 
nearly two-thirds of the smaller fragments were milky quartz, whilst the larger fragments 
were quartzite, compact limestone, dolomite^ mica-schist, and serpentine rocks, some of 
them with glacial striations. These deposits along the American coast were Blue Muds 
with a reddish surface layer, in which quartz and fragments of ancient rocks were abun- 
dant, making up from 40 to 70 per cent, of the deposits in 1240 , 1350 , and 1340 fathoms, 
while these minerals were not detected in the deposits around Bermuda. 

Halifax to Bermuda . — The deposits from Halifax southwards to Bermuda (see 
Chart 9 ) were Blue Muds containing from 16 to 32 per cent, of carbonate of lime. The 
larger pelagic Foraminifera and Rhabdoliths became more abundant as Bermuda was 
approached, while the siliceous organisms became fewer. The mineral particles were of 
the same nature as those in the deposits in the previous section, being larger and more 
abundant in the more northern stations which are under the influence of the Labrador 
current. 

Bermuda to the Azores . — With the exception of the deposit from Station 67 , 2700 
fathoms, which contained 54 per cent, of carbonate of lime, all the deposits in the section 
between Bermuda and the Azores (see Chart 6 ) from depths greater than 2400 fathoms 
contained less, and all from depths less than 2400 fathoms cont ain ed more, than 50 per 
cent, of carbonate of lime. In the greatest depths, 2850 and 2875 fathoms, there were 
only 8 and 10 per cent. The highest percentage of carbonate of lime was 83 '31 in 
1675 fathoms. In the greater depths the carbonate of lime consisted chiefly of fragments 
of pelagic Foraminifera and Coeeoliths; in depths less than 1600 fathoms, the shells of 
pelagic Molluscs and fragments of Echinoderms were more or less abundant, and along 
with pelagic and other Fora min ifera made up the principal part of the carbonate of lime 
in the deposits. Radiolaria and Sponge spicules newer made up more than 1 or 2 per 
cent, of the deposit. 

In the deep water immediately to the south of the banks of Newfoundland, there 
were fragments of quartz, monoclinic and triclinic felspars, and fragments of mica-schist 
and other ancient continental rocks. These were believed to be ice-borne fragments, 
although apparently south of the southern limit of the ice region in the North Atlantic, 
as shown on the charts. On approaching the Azores these fragments disappeared more 
or less completely from the bottom, and the mineral particles then consisted almost 
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entirely of vol canic minerals and pumice. Except the pumice, the mineral particles seldom 
exceeded 010 mm. in diameter, and generally they were much smaller. A few fragments 
of tufa coated with peroxide of manganese were dredged (see Diagram 3). 

Off the Azores. — The afternoon of the 2nd July was spent in dredging in 50, 90, and 
450 fathoms, in the straits between Pico and Fayal (see Chart 10). The deposit was a 
Volcanic Mud, containing pumice, fragments of volcanic rocks, plagioclase, sanidine, 
augite, magnetite, hornblende, black mica, and pelagic and other Foraminifera, Pteropods 
and other Molluscs, Coccoliths, Polyzoa, Serpula- tubes, and a few Kadiolaria and siliceous 
Sponge spicules. In some instances the pumice stones were completely coated with 
Serpula, Polytrema, and calcareous Algae. 

The deposit at 900 fathoms between Pico and San Miguel was a Pteropod Ooze with 
52 ‘22 per cent, of carbonate of lime. The mineral particles were smaller than at the 
other stations in this section, but were of the same nature. At 1000 fathoms, between 
San Miguel and Santa Maria, the deposit was chiefly made up of pumice and volcanic 
minerals, with 8 per cent, of carbonate of lime. 

Azores to Madeira. — Globigerina Ooze was found throughout this section between 
the Ajzores and Madeira (see Chart 6), containing from 55 to 80 per cent, of carbonate of 
lime. Pteropod shells were present in the shallower deposits, but absent in depths 
greater than 2000 fathoms, although one fragment was observed in the deposit from 2675 
fathoms. The relatively high percentage of carbonate of lime at 2660 and 2675 
fathoms, viz., 66 and 62 per cent., is worthy of note, compared with deposits from 
similar depths south of the banks of Newfoundland. The carbonate of lime here 
consisted almost wholly of the shells ’of pelagic Foraminifera in a very fragmentary 
condition. The fragments of siliceous organisms did not exceed 1 per cent, in any of the 
deposits. 

The deposit® in this section were remarkable for the large quantity of pumice which 
they contained ; one or two fragments of quartz were observed but no particles of con- 
tinental rocks could be detected (see Diagram 3). 

Madeira to Cape Verde Islands . — The deposit to the west of the island of Palma (see 
Chart 6) in 1125 fathoms was a brown Volcanic Mud, containing about 6 per cent, of car- 
bonate of lime. The size of the mineral particles rarely exceeded 0‘15 mm. When the 
mud was passed through sieves the washings which remained were almost wholly made up 
of dead shells of Pteropods and Heteropods. In the dredge there were a few living animals 
and several large fragments of a dead Gorgonoid Coral, coated with manganese peroxide, 
similar to that obtained in 1525 fathoms about 200 miles further south on the Tenerife- 
Sombrero section. The next sounding was in 2300 fathoms, a little to the west of the 
position where the depth of 1525 fathoms was obtained in February. Here the deposit 
was a Globigerina Ooze, containing 57 per cent, of carbonate of lime. Later on the same 
day, 21st July, a sounding and dredging were obtained in 1675 fathoms, in nearly the 
(debp-sba deposits ohall. exp. — 1890.) 20 
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same locality as on the 18th of February; the dredge again brought up more of the 
black Coral fragments coated with manganese. In 2300 and 2400 fathoms farther south 
a Globigerina Ooze with 64 and 58 per cent, of carbonate of' lime was obtained ; there 
were no Pteropod or Heteropod shells in these deposits. The mineral particles were 
chiefly volcanic, with a mean diameter of 0'07 mm., but here also small rounded grains 
of quartz were found, which, with similar particles observed in the sounding from 2675 
fathoms to the north-west of Madeira, appear to be wind-borne fragments, carried 
from Africa by the Harmattam winds. Soundings in 2075 and 1795 fathoms gave a 
Globigerina Ooze with 60 and 57 per cent, of carbonate of lime. About 1 per cent, of 
these deposits was made up of Radiolaria and fragments of other siliceous organisms, 
the remainder being composed of volcanic minerals, a few grains of quartz, and clayey 
matter. 

The mineral particles throughout this section were of volcanic origin, decreasing in 
size and quantity after leaving Madeira, and increasing in both respects as St. Vincent 
was approached. 

Off Cape Verde Islands. — The deposits in the vicinity of the Cape Verde Islands (see 
Chart 11) from 200 down to a depth of 1150 fathoms were Volcanic Muds, with a varying 
proportion of carbonate of lime, from 8 to 56 per cent., in which Pteropod and Heteropod 
shells were abundant. In the harbour of St. Vincent the deposit in depths of 7 to 
50 fathoms was a Calcareous Sand, with 87 to 94 per cent, of carbonate of lime, chiefly 
made up of Foraminifera shells and calcareous Algae. In some places the shells of 
Amphistegina lessonii made up fully two-thirds of the whole deposit ; Polystomella, 
Discorbinct, and Orbiculina were also abundant. The mineral particles in these deposits 
decreased in size and abundance with distance from the land. 

Cape Verdes to St. Paul’s Pocks. — The line of this section runs south-east from St. 
Vincent towards Cape Palmas on the Guinea coast ; thereafter it bends round and runs 
nearly due west to St. Paul’s Rocks (see Chart 12). 

The deposits at the two depths, 2575 and 2500 fathoms, near the African coast, con- 
tained respectively 30 and 6 per cent, of carbonate of lime, the small percentage in the 
latter being due to the abundance of continental d4bris, but at all the other stations the 
deposit was a Globigerina Ooze with over 50 per cent. ; at 1850 fathoms in Mid-Atlantic 
the amount reached 90 per cent. In all the deposits the carbonate of lime consisted 
chiefly of pelagic Foraminifera and Coccoliths, with a few fragments of Eehinoderms and 
other organisms ; Rhabdohths also were present in considerable quantity except at 
Stations 101 and 102. An analysis of the mud from the dredge at Station 102 (2450 
fathoms) gave 83 per cent, of carbonate of lime, while the specimen from the sounding 
tube gave only 66‘27 per cent. A careful examination of a large quantity of this deposit 
showed that nearly the whole of the carbonate of lime present came from the dead shells of 
surface organisms. It is estimated that of the 83 per cent, of carbonate of lime, 75 per 
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cent, comes from pelagic Foraminifera, 6 per cent, from Coccoliths, and 2 per cent, from 
other calcareous Foraminifera, fragments of Echinids, and Ostracodes. Pulvinulina 
mena/rdii and Pulvinulina, tumida were the predominant forms, but Globigerina sac- 
culifera, Globigerina dubia, and Globigerina conglobata, and Sphsaroidina dehiscens were 
also very abundant. It is worthy of notice that the majority of the shells were very 
large, and the more delicate surface forms, as Hastigerina and Candema, appeared 
to be quite absent. The smaller fragments were almost wholly made up of broken pieces 
of larger shells. The small specimens and primordial chambers, so common in shallower 
deep-sea soundings, were nearly absent. In the same way Rhabdoliths were not complete, 
if present at all, and the Coccoliths were very minute. The typical Globigerina bulloides 
did not appear to be present. The Foraminifera here were, as has been stated, thick- 
shelled and of large size, and it was precisely in this region that the largest specimens 
of pelagic Foraminifera were obtained on the surface by meanB of the tow-net. Many 
of the shells were broken and appeared to be in a crumbling condition. 

The mineral particles in the soundings along the African coast sometimes reached 
0’7 mm. in diameter, but in Mid- Atlantic they seldom exceeded 0*06 mm. Quartz and 
glauconite were present only in the deposits near the African continent. In the other 
deposits the mineral particles consisted, of fragments of felspars (sanidine), magnetite, 
hornblende, and volcanic rocks. Radiolaria, Diatoms, Sponge spicules, and arenaceous 
Foraminifera never made up more than 2 per cent. 

The deposits in this section were of a grey or reddish colour, except in a few of the 
soundings near the African coast, where they were of a dark slate colour, owing, 
apparently, to the presence of fine mud or river detritus. 

Off St. Paul’s Rocks. — The soundings close to St. Paul’s Rocks (see Chart 13) showed 
either a hard and rocky bottom, or a Globigerina Ooze containing numerous fragments of 
the rockB of the island, and olivine, enstatite, serpentine, magnetic grains, and actinolite. 
The deposits from 1900 and 2275 fathoms, at a considerable distance on either side of St. 
Paul’s Rocks, were Globigerina Oozes with 84 and 72 per cent, of carbonate of lime 
respectively, chiefly made up of remains of pelagic Foraminifera, while Pteropods, though 
present in considerable numbers in the Globigerina Oozes in lesser depths in the immediate 
vicinity of the islands, appeared to be entirely absent. In those depths also the mineral 
particles, which make up from 15 to 30 per cent, of the whole deposit near the islands, 
were few and small, not exceeding 1 per cent, and 0‘07 mm. in diameter. The mineral 
particles from 1900 fathoms were similar in character to those found nearer the islands, 
and had evidently mostly come from St. Paul’s Rocks. 

St. Paulis Rocks to Fernando Noronha. — Between St. Paul’s Rocks and Fernando 
Noronha (see Chart 12) there is a deep depression, the greatest depth recorded being 
2475 fathoms. At this depth there was 36 per cent, of carbonate of lime in the deposit, 
while at the depths of 2275 and 2200 fathoms there were respectively 72 and 81 per 
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cent. This is a good instance illustrating the diminution of carbonate of lime in the deposit 
with increasing depth, as here the surface conditions were the same, and the character of 
the mineral particles alike in all the soundings. The mineral particles consisted of 
felspars, hornblende, augite, magnetite, and vitreous particles. Radiolaria, Diatoms, and 
fragments of other siliceous organisms did not make up more than 1 per cent, of the 
deposits. 

Off Fernando Noronha. — At Fernando Noronha (see Chart 14) dredgings were taken 
dose to shore, in depths varying from 7 to 25 fathoms. The bottom was covered with a 
calcareous sand or gravel, of a mottled red and white colour, the fragments varying from 
2 to 3 cm. in diameter, and consisting chiefly of calcareous Algse, with fragments of 
Echinoderms, Molluscs, Polyzoa, Corals, Polytrema , Anvphistegina, and other For amin i- 
fera. There were also numerous volcanic pebbles. 

Fernando Noronha to Pernambuco and Bahia. — Between Fernando Noronha and 
the American coast there is a deep depression, in which a depth of 2275 fathoms was 
obtained, and comparatively deep water extends to within 30 miles of the Am erican 
shore. With one exception, the deposits in the section from Fernando Noronha to Per- 
nambuco (see Charts 12 and 15) were Globigerina Oozes, with from 37 to 80 per cent, of 
carbonate of lime. The exception was a Red Mud from 500 fathoms, the first of the kind 
obtained since leaving England 

The deposits along the coast of Brazil differed in colour from those which the 
Challenger found along other continental shores. Here they were red, due, apparently 
to the large quantities of ochreous matter carried into the sea by the Brazilian rivers. 
Usually the colour of deposits along continental shores is blue, with a surface layer of a 
red or brownish colour. The carbonate of lime in the soundings off this coast varied from 
60 to 6 per cent, according to depth, distance from the coast, and whether or not opposite 
the embouchures of rivers. The mineral particles consisted of fragments of quartz, 
plagioclase, felspars, sometimes kaolinized, epidote, mica, augite, hornblende, fragments 
of rocks and vitreous particles, the size varying from 0 - 05 to 1 or 2 mm. in diameter. 
Radiolaria and Diatoms were nearly, if not quite, absent from these deposits, and when 
present they, along with siliceous Sponge spicules, did not appear to make up over 1 per 

cent, of the whole deposit. The apparently complete absence of glauconite along this 
coast was also remarkable. 

If this and the two preceding sections be examined, by reference to Diagram 4, it will 
be observed that , two elevations, crowned by St. Paul’s Rocks and Fernando Noronha 
respectively, divide the Atlantic at this part into three basins or depressions. 

Off Bahia. During the stay at Bahia the pinnace was engaged several days dredging 
in the bay. In some places the deposit was a white quartz sand containing fragments of 
felspar, mica, magnetite, hornblende, and other minerals, and also fragments of Echino- 
erms, Polyzoa, Serpula, and other organisms. In other places it was a dark blue mud, 
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containing, along with fine amorphous matter, all the above-mentioned minerals and 
organisms. 

Bahia to Tristan da Cunha. — Between the coast of America and Tristan da Cunha 
(see Chart 16 and Diagram 6) the greatest depth obtained was 2350 fathoms. There 
were many indications of an extensive plateau surrounding the Tristan group, with depths 
varying from 1425 to 2000 fathoms. 

The deposits in depths less than ,2100 fathoms on the Tristan plateau, except when 
close to the islands, contained from 85 to 95 per cent, of carbonate of lime, which was 
almost wholly composed of the shells of pelagic organisms. The three soundings in 
depths greater than 2100 fathoms towards the American coast contained from 35 to 55 
per cent, of carbonate of lime. The deposit was a Globigerina Ooze throughout the 
section. The carbonate of lime came from pelagic Foraminifera, but it was observed that 
as the ship proceeded southward the Foraminifera in the deposits became dwarfed, and 
some tropical species disappeared. There were quartz fragments in the deposits near the 
American shores, but these disappeared or were exceedingly rare in the deposits towards 
the centre of the South Atlantic. The mineral particles were very few and very small, 
never exceeding 1 per cent, and a mean diameter of 0‘10 mm. 

Around the Tristan da Cunha Islands. — Many hauls of the dredge and trawl were 
taken around and between the islands of the Tristan da Cunha group (see Chart 17) in 
depths of 60 to 1100 fathoms. There was generally a coarse shelly bottom, composed of 
fragments of Polyzoa, Lamellibranch and G-aateropod shells, Brachiopods, Eckinodorms, 
Pteropods, Serpula, and a few pelagic and other Foraminifera. In 360 fathoms close to 
Tristan the deposit was a Yolcanic Sand composed essentially of mineral particles, with 
about 7 per cent, of carbonate of lime. The minerals were exclusively of volcanic origin, 
and had a mean diameter of 0‘5 mm. Mineral particles of the samo nature but smaller 
were present in the shelly bottoms around Nightingale Island. 

Tristan da Cunha to Cape of Good Hope. — Between the Tristan plateau and the 
Cape of Good Hope there is a wide and deep depression (see Chart 16 and Diagram 6), 
where depths of 2550 and 2650 fathoms were obtained. The deposits at these depths 
contained 35 and 26 per cent, of carbonate of lime, consisting of pelagic Foraminifera and 
their broken parts. The m i n eral particles consisted of rounded and angular fragments of 
quartz, orthoclase, hornblende, tourmaline, and augite. These mineral fragments, a few 
of which were fully 1 mm. in diameter, indicate that these soundings are within the area 
which is occasionally affected with Antarctic ice. The two soundings in 2325 and 1250 
fathoms, near the coast of Africa, contained 47 and 50 per cent, of carbonate of lime. 
The mineral particles seldom exceeded 015 mm. in diameter, and consisted of quartz, 
glauconite, felspar, augite, and magnetite. About 1 per cent, of these deposits was made 
up of Radiolaria, Diatoms, and Sponge spicules ; glauconitic casts were observed after 
treatment with dilute acid, but these were not in sufficient abundance to warrant the 
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deposits being called Green Muds, although very pure glauconitic muds and sands were 
dredged in the shallow water of the Agulhas Bank, to be referred to in describing the 
sectioil from Cape of Good Hope to Prince Edward Island. 

Sandy Point to Falkland Islands. — On the return voyage the Challenger entered 
the Atlantic by the Strait of Magellan. The deposit at 55 fathoms, as well as in two ■ 
other soundings, 70 and 110 fathoms (see Chart 42), was a coarse sand, the grains about 
one millimetre in diameter, consisting of quartz, jasper, felspars, mica, hornblende, augite, 
glauconite, pumice, and particles of crystalline and schistose rocks. 

Falkland Islands to Rio de la Plata. — The deposit in 1035 fathoms in this section 
was a sandy gravel (see Chart 42). The trawl line carried away and the trawl was lost, 
but the tow-net attached to the line at the weights contained some of the gravel. The 
larger particles were from 1 to 2 cm. in diameter, brown coloured, flattened, ellipsoidal, 
derived from ancient continental formations, such as schist, gneiss, arkose, and .sandstone, 
together with milky and hyaline quartz, felspar, augite, magnetite, mieroeline, horn- 
blende, and glauconite. The glauconite was globular, ovoid, elongated, or vaguely 
triangular, with rounded angles ; many of the particles were not so homogeneous as true 
glauconite, and appeared as aggregates of minerals cemented by a green matter. Some- 
times they showed a schistoid structure, and often it was difficult to say whether the 
fragments were glauconite or pieces of rocks strongly impregnated with a chloritic sub- 
stance. Mixed up with the above-mentioned sandy particles were calcareous Foraminifera, 
fragments of Molluscs, Brachiopods, Echinoderms, and Polyzoans. In 2040 fathoms the 
deposit was a Globigerina Ooze containing 33 per cent, of carbonate of lime. At 2425 
fathomB there was a Blue Mud containing about 40 per cent, of mineral particles with a 
mean diameter of 0‘12 mm., and 6 per cent, of carbonate of lime derived from bottom- 
living Foraminifera and small teeth of fish, the remainder of the deposit being composed 
of the remains of siliceous organisms, fine mineral particles, and clayey matter. 

In 600 fathoms the deposit was a Blue Mud, green-grey in colour, containing 12 per 
cent, of carbonate of lime. In the sounding tube and in the trawl there were several 
small concretions, from 1 to 3 cm. in diameter, nodular, more or less elliptical, and vary- 
ing in colour from grey-green to yellow-green. They were agglutinations of the clastic 
materials forming the deposit, cemented together by a clayey matter united with a 
chloritic mineral, but were not very coherent. Cut into thin sections, they were seen to 
be formed of angular fragments of quartz (1*0 to 0’5 mm. in diameter), of felspars, some 
of which were triclinic, of hornblende, of glauconite, and of garnet. The amorphous 
matter cementing this sand was finely granular, and impregnated with a green or 
yellowish chloritic substance, with vague outlines and non-birefrangent, the same as that 
observed upon the isolated grains of the mud. With these sandy agglutinations were 
associated rounded elliptical fragments with a diameter of from 1 to 2 cm.; they were 
green, fine grained, could be scratched with steel, and at first sight appeared to have the 
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grain and structure of glauconite. Examined with the microscope, they presented a 
greenish fundamental mass, with scattered colourless and irregular particles (0‘05 -mm. 
in diam eter), and black and brown points which appeared to be organic. With polarised 
light the colourless particles with vague contours were seen to be crystalline, and were- 
probably felspar or quartz. Other fragments with a coarser grain were seen, under the 
microscope, to be composed of felspar and quartz perfectly discernible, cemented and 
surrounded by chlorite. 

Off Monte Video . — In leaving the Rio de la Plata two hauls of the trawl were 
obtained in 13 and 21 fathoms (see Chart 16). The deposit in the former depth was a 
blue tenaceous mud containing large fragments of Molluscs and plants, and many sandy 
particles ; in the latter, sand and shells. 

Eio de la Plata to Ascension .- — In 1900 fathoms, off the mouth of the Eio de la Plata 
(see Chart 16), the deposit was a Blue Mud, containing about S per cent, of carbonate of 
lime, which consisted chiefly of a few shells of pelagic Foraminifera. The six following 
soundings showed depths ranging between 2650 and 2900 fathoms. Four of these con- 
tained not more than a trace of carbonate of lime, and no remains of calcareous organisms 
were observed; the other two had 3 and 4 per cent. The remains of siliceous organisms 
made up about 5 per cent, of the deposits. The mineral particles had a mean diameter 
of 0-1 mm. or less, and consisted of fragments of quartz, plagioclase, augite, grains of 
magnetite, mica, and a very large number of fragments of pumice and volcanic scoriae. 
The fragments making up these deposits appear to have been mostly derived from the Rio 
de la Plata, the influence of which on the deposits could be distinctly traced several 
hundred miles seawards. 

When the depth diminished as the Tristan plateau was reached, the character of the 
deposits likewise changed. A sounding in 2440 fathoms gave 10 per cent, of carbonate of 
lime. All the other soundings, on the plateau surrounding Tristan, da Cunha and extend- 
ing north to the Island of Ascension, ranged from 2200 to 1240 fathoms. The percentage 
of carbonate of lime varied from 66 to 98 per cent., the proportion being greater in the 
lesser depths. In depths less than 1500 fathoms the deposits appeared to be largely made 
up of the dead shells of pelagic Molluscs, such as Pteropods, Heteropods, and pelagic 
Gasteropoda, and they have in consequence been called Pteropod Oozes. In depths of 
2000 fathoms and deeper these shells were almost completely removed from the deposits, 
which then consisted chiefly of pelagic Foraminifera. 

Off Ascension . — A sounding in 420 fathoms, about 5 miles distant from Ascension 
Island (see Chart 43), was a Globigerina Ooze with 97 per cent, of carbonate of lime, 
made up of pelagic Foraminifera and pelagic Molluscs. Another similar deposit, nearer 
to the island, contained a much higher percentage of volcanic minerals, the proportion of 
carbonate of lime being 71 per cent. These deposits might be equally well classed as 
Pteropod Ooze. 



160 


THE VOYAGE OF H.M.S. CHALLENGER. 


Ascension to Coupe Verdes.— On this trip three dredgings, four soundings, and eight 
serial temperatures were obtained (see Chart 12 and Diagram 7). The depths ranged from 
2010 fathoms to 2450 fathoms, and the deposit in each case was a Globigerina Ooze, ' 
containing 94 per cent, of carbonate of lime in the former depth and 83 per cent, in the 
latter depth. Only one or two small fragments of Pteropod shells were observed in 
these deposits, in which the carbonate of lime consisted chiefly of the shells of pelagic 
Foraminifera, Coccoliths, and Khabdoliths. The remains of siliceous organisms did 
not make up more than 2 per cent, of the whole deposit. The mineral particles were 
exceedingly minute, and consisted of fragments of felspars, hornblende, augite, and 
magnetite. 

Coupe Verdes to England. — On the 3rd May 1876, in lat. 26° 21' N., long. 33° 37' W., 
a sounding was obtained in 2965 fathoms (see Chart 6), the bottom being Red Clay con- 
taining in the surface layers 12 per cent of carbonate of lime, which consisted of a few 
shells of the larger pelagic Foraminifera and their broken fragments. The -mineral 
particles did not exceed 01 mm . in diameter, and consisted of a few grains of felspar, 
quartz, hornblende, magnetite, volcanic glass, and manganese peroxide. The principal 
part of the deposit consisted of flocculent clayey matter, with exceedingly minute frag- 
ments of minerals, Radiolarians, and Sponge spicules. 

On the 6th May, in lat. 32° 41' N., long. 36° 6' W., another sounding was obtained in 
1675 fathoms, the deposit being a Globigerina Ooze containing 91 per cent, of carbonate of 
lime, which consisted of pelagic Foraminifera, Coccoliths, Khabdoliths, and a few fragments 
of Pteropods and Echinoderms. The residue, after the removal of the carbonate of lime 
by dilute acid, resembled in most respects the Ked Clay found at greater depths in the 
same region of the Atlantic. 

r 

2 . Southern cmd Antarctic Oceans. 

Cape of Good Hope to Prince Edward and Marion Islands. — On the 17th December 
1873, the Challenger left Simon’s Bay for the southern cruise. A sounding and dredging 
were taken in 98 fathoms (see Chart 18 and Diagram 8). The deposit consisted of a green 
. glauconitic sand, containing 50 per cent, of carbonate of lime, which was derived chiefly 
from shells of Foraminifera, fragments of Molluscs, Polyzoa, Serpula, and E chin oder ms. 

On the 18th the ship sounded and dredged in 150 fathoms. The deposit was nearly 
the same as on the preceding day, the carbonate of lime being a little higher, viz., 68 
per cent. Glauconite is exceptionally abundant in these deposits on the Agulhas Bank ; 
the grains are about one millimetre in diameter, and are isolated or agglomerated into 
phosphatic nodules several centimetres in diameter. Besides these gr ain s, the Foraminifera 
are often filled with a pale green glauconitic substance, which only rarely shows all the 
typical characters of glauconite. This green material remained as an internal cast of the 
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shells when the deposit was treated with dilute acid. In these deposits there was much 
green-coloured amorphous matter, some of it not unlike vegetable tissue, which, when 
heated on platinum, charred like an organic substance, became black, then red. In these 
Green Sands the mineral particles formed a large percentage, being 40 and 20 respectively, 
and the remains of siliceous organisms including the green-coloured casts were estimated 
at about 6 per cent, (see PI. XXIV. fig. 1 for glauconitic particles). 

On the 19th a sounding and dredging were obtained in 1900 fathoms (see Chart 18). 
The deposit was a Globigerina Ooze, containing 90 per cent, of carbonate of lime, which 
consisted almost entirely of pelagic Foraminifera. In the dredge were several irregular 
brown-coloured phosphatic nodules from 1 to 4 cm. in diameter, containing 49 per cent, 
of tricalcic phosphate. 

On the 24th, a sounding and temperatures were obtained in 1570 fathoms. The 
deposit was a Globigerina Ooze containing 92 per cent, of carbonate of lime, and a few 
Diatoms, Radiolaria, and mineral particles chiefly of volcanic origin. The pelagic 
Foraminifera in this sounding belonged to the small and thick-shelled varieties 
peculiar to colder waters, although they were not of the typical Arctic or Antarctic 
varieties. Probably many of the finer particles were washed out of the sounding tube. 

Off Marion Island. — The dredgings between Marion and Prince Edward Islands (see 
Chart 19), showed that the bottom, in depths less than 100 fathoms, was overgrown with 
great masses of Polyzoa, the dredges and swabs being filled and covered with them, Mr 
Busk records thirty species of Polyzoa from this locality, fifteen of which are new. In 140 
and 310 fathoms there was a Volcanic Sand containing 15 to 20 per cent, of carbonate of 
lime shells, many Diatoms, and many volcanic minerals and lapilli of vitreous basaltic rocks. 

Marion Island to Crozet Islands. — The deposit at 1375 fathoms (see Chart 18) was 
a Globigerina Ooze, containing 86 per cent, of carbonate of lime, the residue being almost 
wholly remains of Diatoms and Badiolarians. At 1600 fathoms there was 35 per 
cent, of carbonate of lime, 35 per cent, of minerals and amorphous and clayey matter, 
and 30 per cent, of Diatom and Radiolarian remains, and this deposit was in consequence 
called a Diatom Ooze. There were a few rounded quartz particles in each of the deposits, 
but the great majority of the mineral particles were of volcanic origin. The carbonate 
of lime in these deposits consisted chiefly of Globigerina shells and Coccoliths, Orbulim 
shells were not observed in the deposits, nor at the surface, and Rhabdoliths were not 
observed in the deposits since leaving the Cape, so that these stations are probably 
beyond the southern limit of these organisms. 

Off Crozet Islands. — The deposit at 600 fathoms (see Chart 20) was a Diatom Ooze 
with 36 per cent, of carbonate of lime, chiefly made up of shells of pelagic Foraminifera, 
the residue consisting principally of Diatoms and other siliceous organisms with many 
fragments of volcanic minerals. At 210 and 550 fathoms the bottom was hard ground, 
gravel and shells. 

(debp-bba deposits guAi.li. exp. — 1890 .) 


21 



162 


THE VOYAGE OF H.M.S. CHALLENGER. 


Off Kerguelen Island. — During the month of January 1874, the Challenger took 
many soundings and dredgings in the hays and several miles off the east coast of Ker- 
guelen (see Chart 21), in depths varying from 20 to 180 fathoms. 

In all cases the deposit was a green Volcanic Mud 1 with a strong smell of sulphuretted 
hydrogen, and composed principally of mineral particles and the siliceous skeletons of organ- 
isms. Generally these muds did not effervesce with acids ; sometimes, however, a few spots 
of effervescence were observed. The carbonate of lime never appeared to make up more 
than 1 or 2 per cent, of the deposit, and consisted of a few fragments of Echinids, Mollusc 
shells, Polyzoa, and Eoraminifera. These last were MiMolina, Uvigerina, and Discorbina ; 
only one or two pelagic Foraminifera were noticed in these muds. The mineral particles 
made up from 20 to 60 per cent, of the deposit, and consisted of fragments of felspar, 
plagiodase, augite, magnetite, hornblende, olivine, sometimes decomposed with red tint, 
lapilli, pumice, and brown volcanic glass. The size of these particles was from 0'5 mm. 
to 0-1 mm. in diameter, the larger sized particles being found in those soundings nearest 
the coasts. The frustules of Diatoms made up in every case a large part of the deposit, 
and along with the siliceous spicules of Sponges, probably as much as 50 per cent, in some 
of the samples. The soundings farthest removed from the coast contained generally much 
the larger proportion of siliceous remains. These muds contained but little clayey matter, 
and when dried were grey-green, slightly coherent, and earthy in aspect. 

Off Heard Island. — On the 2nd February, after leaving Kerguelen Island, a success- 
ful sounding and dredging were obtained (see Chart 18) at Station 150 in 150 fathoms, 
on a hard bottom. The bottom waB covered with a coarse gravel ; the dredge brought 
up a large number of stones, fragments of rocks of irregular form, varying from 1 to 7 
centimetres in diameter, with the angles more or less rounded, but much less so than 
those of ordinary rolled pebbles. They were blue-black, and the majority had a compact 
structure and were fine grained, while others were porous with a rough surface, all belo nging 
to the felspathic basalts (dolerite). Among these volcanic fragments were noticed two or 
three pieces of granite and one of sandstone. The majority of these stones were over- 
grown by Fora minif era, Sponges, Aetiniaria, Brachiopods, Ascidians, Serpula, and 
Polyzoa. It was roughly estimated that 20 per cent, of the deposit was made up of 
the remains of calcareous organisms, and that 15 per cent, came from Sponge spicules 
and other siliceous remains, and that 60 per cent, consisted of the mineral particles, and 5 
of amorphous clayey matter. 

The deposit in the sounding and dredging in 75 fathoms off Heard Island (see Chart 
22) was a greenish black V olcanic Sand, composed essentially of black volcanic sand and 
remains of organisms. There was only 2'58 per cent, of carbonate of lime, consisting of shells 
of Miliolina, Discorbina, Uvigerina , and one or two Globigerina , along with fragments of 
Polyzoa, Molluscs, Echinoderms, &c. The mineral particles made up 80 per cent., and 
1 Green Mud should have been green Volcanic Mud in the Tables (see p. 18 ). 



REPORT ON THE DEEP-SEA DEPOSITS, 


163 


had a mean diameter of about 0*3 mm.; they formed a black sand consisting chiefly of 
fragments of brown and red glass — sometimes decomposed, sometimes massive and 
enclosing microliths of olivine, and sometimes porous — with fragments of felspar, plagio- 
clase, augite, and magnetite. There was also 5 per cent, of Diatoms, Sponge spicules, 
and Radiolaria, 

Heard Island to Melbourne. — In the cruise between Heard Island and Australia 
(see Charts 23 and 24, and Diagrams 9 and 10) four kinds of deposits were met with, 
viz., Blue Mud, Diatom Ooze, Globigerina Ooze, and Red Clay. 

The first of these was found in depths of 16/5, 1800, and 1300 fathoms at the most 
southern latitude reached by the Challenger, between lat. 64° and 66° S. (see Chart 23), 
and therefore a short distance north of the great Ice-barrier and. the Antarctic Continent. 
These Blue Muds contained less than 12 per cent, of carbonate of lime, which consisted 
chiefly of the dead shells of Globigerina dutertrei , and less than 20 per cent, of 
the remains of siliceous organisms, chiefly Diatoms. The mineral particles consisted of 
quartz, felspars, hornblende, garnet, glauconite, mica, tourmaline, and fragments of 
granitic, amphibolic, and other rocks. From the depth of 1675 fathoms the dredge 
brought up many kinds of rocks and pebbles, some of them showing distinct marks of 
glaciation, and many of them having a coating of peroxide of manganese on that part 
which had projected above the mud when lying at the bottom. The rocks belonged to 
the following lithological types : — granites, quartziferous diorites, sehistoid diorites, 
amphibolites, mica-scliists, grained quartzites, and partially decomposed earthy shales. 

To the northward of the stations at which Blue Mud was found, between lat. 64° and 
53° S. (see Charts 23 and 24), in depths of 1260, 1975, and 1950 fathoms, the deposit 
was a Diatom Ooze, usually of a yellowish straw colour, which when dried had the aspect of 
flour, the particles being extremely fine, and the whole taking the impress of the fingers 
when pressed, gritty particles being now and then recognisable. One of the samples 
contained as much as 22 per cent, of carbonate of lime, consisting chiefly of the dead 
shells of Globigerina bulloides, Globigerina inflata, and Globigerina dutertrei. The 
mineral particles were similar to those in the Blue Muds just mentioned, and appeared to 
make up from 3 to 15 per cent, of the deposit, the remainder of the deposit (from 62 to 
88 per cent.) consisting of the frustules of Diatoms and the skeletons of Radiolaria. 
The dredgings in these deposits yielded, in addition to all the varieties of rocks mentioned 
in the Blue Muds further south, several fragments of pumice stone, basaltic volcanic rock, 
palagonite, and one or two fragments of a compact limestone and sandstone. 

Between lat. 53° and 47° S. two soundings were obtained in 1800 and 2150 fatho ms 
(see Chart 24). The deposit in each case was a whitish Globigerina Ooze, con taining 
respectively 85 and 88 per cent, of carbonate of lime, which consisted chiefly of Cocco- 
liths, Coccospheres, and pelagic Foraminifera belonging to the species: Globigerina 
bulloides, Globigerina inflata, Globigerina dubia, Pulvinulina micheliniana, and 
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Orbulim universa, together with other Foraminifera and fragments of EchinodcrntH. 
The mineral particles appeared to make up 1 per cent, of the deposit and consisted of 
hornblende, magnetite, felspar, vitreous fragments, and a few quartz grains. There wan 
from 2 to 10 per cent, of Diatoms and Radiolaria in these Globigerina Oozes. 

The remaining variety of deposit (Bed Clay) was obtained in lat. 42° S. at a depth of 
2600 fathoms (see Chart 24). It contained 18 per cent, of carbonate of lime, consisting 
of entire shells and fragments of Globigenna bulloides, Globigerina inflata, and CJlohi - 
gerina rubra, Pulvinulina rnichdiniana, Orbulina universa , a few other ForaminifiTu, 
Coccoliths, Polyzoa, and fragments of Echinoderms. The mineral particles only format 1 
1 per cent, of the deposit, and consisted of felspars, hornblende, augite, magnetite, 
pumice, fragments of volcanic glass, and grains of peroxide of manganese, with a moan 
diameter of about 0-08 mm., while a few rounded fragments of quartz reachod a diameter 
o 0 5 mm. The remainder of the deposit consisted essentially of amorphous and clayey 
matter with very minute fragments of minerals and pumice. There was a larger per- 
centage of carbonate of lime in the upper layers of the deposit than in the deeper ones. 
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so filled with these that large quantities could be dried by heating over a stove, 
when a whi tish felt- lik e mass was obtained. Mixed up with these Diatoms there were 
many species of Radiolaria. Coccospheres and Rhabdospheres, which were found so 
abundantly in the surface water of the warmer parts of the Atlantic and Southern 
Oceans, were not met with south of lat. 50° S., either on the surface or in the deposits 
at the bottom. The same remark applies to Orbulina imiversa, Pulmnulina, and several 
species of GloUgerina. South of lat. 50° S., the only pelagic Foraminifera found on the 
surface were GloUgerina bulloides, GloUgerina dutertrei, and GloUgerina inflata, and 
these were the only pelagic species found in the deposit at the bottom (see Diagrams 
9 and 10). 

3. Pacific Ocean. 

Melbourne to Sydney. — The deposits from the shallow water between Melbourne and 
Moncceur Island (see Chart 25) were shelly sands with 82 per cent, of carbonate of lime, 
coming chiefly from fragments of Polyzoa ; these fragments were usually over 5 mm.' in 
diameter. Mineral particles formed about 5 per cent., and consisted for the most part of 
quartz, mica, and felspars. Green casts of the shells were left after treatment with dilute 
acids. 

Soundings were taken in 2200 and 150 fathoms to the north of Cape Howe, the 
shallower depth being several miles nearer shore. In the former case the deposit was a 
Globigerina Ooze with 62 per cent, of carbonate of lime largely coming from the remains 
of pelagic Foraminifera. The trawling in 150 fathoms showed that the bottom was 
covered with Polyzoa, shells, and gravel. 

Off Sydney. — The deposits in depths of from 120 to 1200 fathoms off the Australian 
coast (see Chart 26) were Green Sands and Muds, containing a considerable quantity of 
glauconite, and resembling in many respects the deposits at similar depths off the south 
coast of Africa. The deposits from 120 and 290 fathoms were Green Sands, those from 
greater depths Green Muds. The carbonate of lime ranged from 46 to 50 per cent., 
and consisted of the shells of GloUgerina , Orbulina, Pulvmulina , Pullenia, Miliolina, 
Textularia, DiscorUna, Cristellaria , and other Foraminifera; Coccospheres and Rhab- 
doliths ; fragments of Pteropods and other pelagic Molluscs ; Ostracode valves, fragments 
of Echinoderms, Polyzoa, and other calcareous organisms. The mineral particles in 
these deposits were about 0’12 mm. in diameter, and consisted of rounded fragments 
of quartz, felspars, hornblende, magnetite, mica, volcanic glass, in addition to glauconite. 
There were a few Radiolaria and Sponge spicules. Many of the Foraminifera shells were 
filled with green glauconitic matter which remained as internal casts after treatment with 
dilute acids. A quantity of the glauconitic grains and casts were carefully collected 
after removing the calcareous organisms by dilute acid, and an analysis of these is given 
in the description of glauconitic deposits (see PL XXIV. fig. 2 for glauconitic casts). 
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Sydney to New Zealand. — The two soundings in 2600 fathoms contained respectively 
7 and 19 per cent, of carbonate of lime. In 1975 fathoms there was 77 per cent., in 
1100 fathoms 84 per cent., and in 275 fathoms 88 per cent, (see Chart 27). The car- 
bonate of lime in all these consisted essentially of the shells of pelagic Foraminifera, with 
Coccoliths, Coccospheres, and Rhabdoliths. In the deeper deposits there is, it will be 
noticed, less and less carbonate of lime, and this is due to the gradual removal 
of the more delicate and smaller shells (see Diagram 11). While these small shells 
and Coccospheres made up most of the deposit at 275 and 400 fathoms, they were very 
rare at a depth of 2600 fathoms, though they appeared to be quite as abundant at the 
surface over the one locality as over the other. The mineral particles were very minute 
in these Boundings, and consisted chiefly of felspars and glassy volcanic fragments. As 
the entrance of Cook Strait was approached, the min eral particles derived from the coast 
of New Zealand increased both in number and size, and the pelagic shells diminished, 
while glauconite, which was absent in the soundings from the middle of the section, 
again made its appearance. At 150 fathoms the deposit was a Blue Mud with 26 per 
cent, of carbonate of lime. 

Off New Zealand. — The deposits off the east coast of New Zealand in 1100 and 700 
fathoms (see Chart 27) were Blue Muds, with a thin characteristic layer of a reddish 
colour on the surface. They contained only from 4 to 10 per cent, of carbonate of lime, 
the chief part of the deposit consisting of amorphous and clayey matter and fine mineral 
particles derived from the neighbouring land. The mineral particles were unif orm in 
size and nature in both localities, but while they were estimated at 21 per cent, in the 
former, in the latter deposit they made up 25 per cent. Siliceous organisms were few. 
The dredge brought up pumice stones at both stations. 

Neiv Zealand to Tongatdbu. — The deposits off the Kermadec Islands in 520, 630, 
and 600 fathoms (see Chart 27 and Diagram 12) were Volcanic Muds, con tainin g very 
many large blocks of pumice. A very large fragment of a huge new Hexactinellid 
Sponge, Poliopogon gigas, waB brought up from 630 fathoms attached to pumice stones ; 
it measured about 2 feet by 3 feet 6 inches. 1 The deposit at 2900 fathoms was a Red 
.Clay, which gave no trace of effervescence when treated with dilute acid, showing that 
it did not contain any carbonate of lime. The mineral particles were very, small, the 
bulk of them being less than 0‘05 mm. in diameter, and consisted of felspar, magnetite, 
and hornblende ; there were, however, some large fragments of p umi ce, and the great bulk 
of the fine washings of the deposit was composed of very minute fragments of pumice. 

Off Tongatdbu. — When outside a line joining Mallenoah and Atataa Islands dredgings 
were obtained, first in 18 fathoms, and then in 240 fathoms (see Chart 28). The deposit 
at both these depths was a Coral Sand containing from 86 to 90 per cent, of carbonate of 
lime, composed of fragments of Coral, calcareous Algae, Orbitolites and many other 

1 6'1 by 10 - 6 decimetres. 



REPORT ON THE DEEP-SEA DEPOSITS. 


167 


Foraminifera, fragments of Polyzoa, Eehinoderms, and Molluscs. At the greater depth 
farther from the reef, the fragments were smaller and the pelagic shells more abundant 
than in the depth of 18 fathoms nearer the reef. Mineral particles constituted about 3 
per cent, in both cases ; the fragments were volcanic, with a mean diameter of about 0‘5 
mm. The general appearance of these deposits in 240 and 18 fathoms is represented in 
PI. XIV. figs. 1 and 2. 

Off the Fiji Islands. — Off the Fiji Islands (see Charts 29 and 30) the deposits were, 
with one exception, Coral Muds and Sands containing from 86 to 90 per cent, of carbonate 
of lime, principally composed of calcareous Algae and Polyzoa with a large proportion of 
Foraminifera. In the Corc(l Sand from 12 fathoms, off Levuka, there were no pelagic 
Foraminifera, while the minerals were comparatively numerous and large, having a mean 
diameter of 0‘5 mm. In the Coral Muds from greater depths the percentage of pelagic 
Foraminifera increased, while the minerals were few and small, rarely exceeding 0'08 mm. 
in diameter. The exception referred to above was that of the deposit from 610 fathoms 
— a Globigerina Ooze with 80 per cent, of carbonate of lime (see PI. XIV. figs. 3a and 
3&). In this instance the major part was composed of pelagic Foraminifera, while nearly 
all the organisms of the shallower deposits were present, though in min ute fr agment s an d 
relatively less abundance. The mineral particles and siliceous organisms were more 
numerous than in the shallower depths, while there were fewer particles derived from the- 
reefs. Rhabdoliths were observed only in this deposit, and a few brown casts of calcareous 
organisms remained after treatment with dilute acid. Several pieces of pumice were 
obtained from 210 and 610 fathoms. 

Fiji Islands to the New Hebrides. — The deposits at 1350 and 1450 fathoms (see 
Chart 27 and PI. XII. figs. 4a, 45) were Globigerina Oozes of a reddish colour, and 
closely resembled in that respect the Red Clays. They contained 44 and 62 per cent, of 
carbonate of lime, consisting of Rhabdoliths, Coccoliths, the shells of Globigerina, Orbu- 
lina, Hastigerina, Pulvinulina, Sphmroidina, Pullenia, and some bottom-living species. 
A few of the Globigerina shells had still the delicate spines attached as in the specimens' 
taken on the surface. The absence of Pteropod, Heteropod, and other pelagic Mollusc 
shells from these deposits is somewhat remarkable, for they were very abundant on the 
surface, and at a similar depth and latitude in the Atlantic they were usually present in 
considerable numbers. The Foraminifera shells were in some instances quite white, or 
had a rosy tinge as if lately fallen from the surface, but the great majority were brown 
coloured, and in some instances black from a deposit of oxide of manganese on their 
surface. When one of these dark coloured shells from 1450 fathoms is broken three 
zones can be distinguished, at the centre an internal cast of the shell, then the white 
carbonate of lime shell itself, and outside this an external cast of the same nature and 
aspect as the internal one, to which it is connected by little red pillars which have been 
formed in and fill up the foramina of the shell. These casts do not appear to be formed 
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by a simple filling of th,e shell, but seem to be due to a chemical combination. There 
■were in these deposits none of the smooth pale yellow and green casts so abundant in the 
Green Muds alo ng continental shores. If these red coloured casts be treated with warm 
hydrochloric acid and the iron thus extracted, a number of colourless globules are 
obtained, which have resisted the action of the acid. It has been found that these casts 
consist of hydrated silicate cont ainin g al umin a, lime, magnesia, and alkalies. The mean 
diameter of the minerals rarely exceeded O'lO mm., and were usually much smaller ; 
these were felspars, black mica, augite, hornblende, and magnetite. The great bulk of 
the residue after removal of the carbonate of lime, however, consisted of pumice stone in 
a fine state of division, with amorphous matter, Fadiolaria and Diatoms made up about 
1 per cent, of the whole deposit. 

The trawling at 1350 fathoms gave many rounded fragments of pumice, from 6 to 8 
cm. , in diam eter, covered with oxide of manganese, and the branch of a tree several feet 
in length which was carbonised in some places (see Diagram 13). 

There were many very productive hauls with the surface nets between the Fiji Islands 
and the New Hebrides — Pteropods, Heteropods, and pelagic Foraminifera being specially 
abundant. With the exception of a very large cylindrical species of Coscinodiscus, 
Diatoms were very rare both on the surface and at the bottom. It was observed that the 
larger Foraminifera, such as Sphmroidina dehiscens, Pulvinulina menardii, ahd thick- 
shelled Orbulinse, were procured in greatest abundance when the tow-net was dragged at 
a depth of '80 or 100 fathoms. 

New Hebrides to Maine Island. — The deposits between the New Hebrides and Kaine 
Island (see Chart 27 and Diagram 13) varied greatly with depth, and were very in- 
teresting, At 2650 fathoms not a trace of carbonate of lime could be detected either by 
the microscope, or by treating the Fed Clay with weak acid. At 2450 fathoms there 
was 1 or 2 per cent, of carbonate of lime, consisting of a few broken fragments of Fora- 
minifera At 2440 fathoms there was a Fed Clay on the surface with 5 per cent, of 
carbonate of lime, but three inches beneath the surface a much lighter coloured deposit 
containing a very large number of Foraminifera, and 32 per cent, of carbonate of lime. 
At 2325 fathoms there was 32 per cent, of carbonate of lime* consisting of the dead shells 
of pelagic Foraminifera and a few Coccoliths and Fhabdoliths. The condition of things 
at 2440 fathoms is worthy of special remark. It very frequently happened during the 
cruise that the deeper layers contained less lime than the surface ones, but only on 
two or three occasions did it happen that there were more calcareous shells in the deeper 
layer of the deposit as in this case. The surface layer, it will be observed, was the an.™ a 
in nearly all respects as the deposit in 2450 fathoms 80 miles to the eastward, and the 
deeper layer resembled that at 2325 fathoms still farther to the eastward, or the deposits 
in a lesser depth towards Fame Island, which contained over 50 per cent, of carbonate of 
lime, so that possibly a subsidence of the bottom had taken place subsequent to the 
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formation of the deeper layer. It is clearly illustrated in this section between Api and 
Raine Islands, that all the other conditions remaining the same or nearly so, the quantity 
of carbonate of lime found in a deposit is less the greater the depth. It is believed that 
this basin below 1300 fathoms is probably cut off from the colder water farther south, and, 
indeed, from general oceanic circulation, below that depth, in this respect approaching to 
the condition of enclosed seas. In all such basins the surface shells appear to be removed 
from the deposits at lesser depths than in areas where there is no interruption to free 
communication arising from the existence of submarine barriers. 

The mineral particles in these deposits consisted chiefly of angular fragments of 
volcanic rocks and minerals, all of small size except the pieces of. pumice which were 
numerous in all the dredgings. There were many manganese particles, and, at the 
sounding in 1400 fathoms, some of the Foraminifera shells were filled with the peroxide, 
so that a complete internal cast of the shell was left after treatment with dilute acid. 
The deposit in 130 fathoms, off Api Island, was a Volcanic Sand containing 13 per cent, 
of carbonate of lime. 

Off Raine Island .* — The soundings and dredgings in 135, 150, and 155 fathoms (see 
Chart 27) showed that the deposit was a Coral Sand, composed of white and brownish 
coloured fragments of Corals, Molluscs, and Foraminifera shells, with a considerable 
admixture of calcareous Algae. Mr. H. B. Brady found in this deposit a larger number 
of species of Foraminifera than in any other taken during the cruise. Many of the 
shells were probably washed from the shallower water of the adjoining reefs. The deposit 
contained 87 per cent, of carbonate of lime, and it was estimated that more than one-half 
of this consisted of pelagic Molluscs and pelagic Foraminifera. The mineral particles in 
the deposit consisted of fragments of quartz, felspars, mica, augite, and olivine, and were 
estimated at 4 per cent. 

By treating this deposit with dilute acid, casts of the Foraminifera shells are obtained, 
the majority of which are of a brick red colour, although a few are of a yellowish, or even 
greenish, tinge (see PI. XXIV. fig. 3). They are not so compact or well marked in outline 
as the white and pale straw-coloured casts usually met with in glauconitic muds, and have 
very frequently a porous aspect, from the removal of the carbonate of lime which has, in 
many instances, been associated with the red material forming the casts. If some of the 
Foraminifera be treated with dilute acid, the action stopped after it has continued for some 
time, and the substance dried and examined by reflected light, a number of casts of the organ- 
isms are seen in carbonate of lime looking quite like milky quartz. If, however, the action 
be continued, it is seen that they are composed of carbonate of lime as they entirely disappear, 
leaving a small residue of a reddish colour, or very areolar casts of the shells in the same 
red substance. Examined in thin sections, it is observed that the shells are filled with a 
red, yellowish, or greenish matter, frequently extending into the foramina. The shell is 
at once distinguished from the cast by its structure, transparency, and optical properties. 
(deep-sea deposits ohald. exp.— 1890.) 22 
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It is sometimes observed that two or three shells or fragments are cemented by the same 
red substance forming the casts, This substance when sufficiently transparent appears of 
a yellowish red colour, and gives sometimes aggregate polarisation, but is never extin- 
guished between crossed nicols. Often the casts enclose small min eral particles. With 
very high powera it is seen that the structure of the grey carbonate of lime casts is 
granular, and between crossed nicols it is evident that the grains are cryst allin e. This 
is one of the few instances in which it has been possible to point out the deposition of 
carbonate of lime in the Bhells forming deposits, and it evidently, took place in the deeper 
layers. 

Oa/pe York to Arrou Islands. —The deposits in 6 and 7 fathoms around and near Booby 
and Wednesday Islands (see Chart 31) consisted of quartziferous sand with from 60 to 
78 per cent, of carbonate of lime in the form of large numbers of For aminif era, fragments 
of calcareous Algse, Polyzoa, and shells. None of the For aminif era, however, were 
pelagic species. It was estimated that from 15 to 30 per cent, of the sands co ns isted of 
mineral grains ; these were from 0’5 to 1 mm. in diameter, Between Cape York and 
the Arrou Islands the depth in the Arafura Sea never exceeded 50 fathoms, usually 
ranging from 28 to 40 fathoms. The deposit was a greenish mud in all cases, con taining 
from 25 to 50 per cent, of minerals, consisting of fragments of quartz, mica, felspars, 
glauconite, &c., about 0‘2 mm. in diameter. In the dredgings there were fragments of 
sandstone and other continental rocks. The carbonate of lime in these deposits formed 
from 23 to 88 per cent,, and consisted of the shells of Textularia and Rotalia, fragments 
of Echinoderms, Polyzoa, and Molluscs. Siliceous organisms made up 2 to 3 per 
cent. 


Arrou Islands to Banda. — The deposits at 800 and 580 fathoms, between the Arr ou 
and Ki Islands (see Chart 32), were Green Muds containing respectively 14 and 40 per 
cent, of carbonate of lime; at the shallower depth there were indications of two layers, 
the bottom layer being more clayey with a blue tinge 

The deposits at Stations 192 and 192a were most interesting. At the' first of these 
(140 fathoms) the sounding tube brought up a specimen of Blue Mud, containing about 
8 per cent, of carbonate of lime, and in the second (129 fathoms) the trawls, besides 
pumice stones, contained several large concretions or fragments of a calcareous rock 
dmenng very considerably from the deposit. 

Bhe Concretions or Rock Fragments were of two kinds. First, many more or less 
rounded . agglutinations loosely held together, and from 1 to 7 cm. in diameter. Second 
sev arge oneycombed pieces of rock, several decimetres in diameter, and requiring 

a sharp blow from a hammer to break them. . S 

eramdaT t0 tlle first variet y “» grey or brown, sometimes slightly greenish, 

Foraminifera 1 8 86611 mtil tiielens tllat ^ey 016 essentially composed of 

Foraminifera. An examination of thin slides .of these nodules shows that they axe 
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agglutinated or coagulated by an argillo-caleareous cement which, is not in great 
abundance. Some of the shells are entirely filled with pale green glauconite, others 
only partially. The intervals between the shells are not filled up with the cementing 
matter, and these concretions appeared to be the last phase of disintegration. 

Those of the second variety are very irregular in shape, and consist of large pieces of 
a hard rock traversed in all directions by large and small perforations, with a diameter 
varying from 1 to 4 centimetres. These blocks have thus a cavernous or coarse cellular 
appearance. The perforations are covered, like the surface of the rock, with organisms, as 
Sponges, Polyzoa, &c., and rough to the touch. The smaller perforations have sometimes 
the appearance of having been produced by lithophagous Molluscs. These concretions 
have the hardness of calcite ; the fragments freshly broken are white-grey. A microscopic 
examination shows that they are mainly composed of various species of pelagic Foramini- 
fera. Treated with dilute acid the concretions decompose with effervescence, leaving a 
residue of 20 '4 4 per cent., essentially composed of amorphous matter and glauconitic 
casts of the Foraminifera, these last being brown or green and feebly transparent. The 
greenish casts present most of the characters of true glauconite. In the residue there 
are also a few grains of felspar and quartz. A section of these concretions resembles in 
most respects a section of a hardened Globigerina Ooze from tropical regions, and near 
a continental shore (see PI. XII. fig. 2). In this case, however, the shells are nearly 
all filled and cemented by the finely granular carbonate of lime, while in a Globigerina 
Ooze they are empty. It is not improbable that these large concretions or rock-frag- 
ments arc hardened portions of a deep-sea deposit formed at a much greater depth, and 
subsequently elevated into the position in which they were found, probably by the same 
elevation as that which upheaved the neighbouring islands. 

The deposit at 2800 fathoms was a fine-grained Volcanic Mud containing only a trace 
of carbonate of lime in the form of a few Pulvinulincc shells. Mineral particles of 
volcanic origin made up about 60 per cent.; these were angular fragments of felspars, 
volcanic glass, augite, magnetite, and andesitic lapilli, having a mean diameter of 
0'2 mm. There was also 5 per cent, of Sponge spicules, Radiolaria, and Diatoms. At 
200 and 360 fathoms close to Banda (see Chart 33) th'e deposits consisted essentially of 
volcanic materials with a few pelagic Foraminifera. The dredge brought up several frag- 
ments of volcanic rocks and pumice measuring from 2 to 10 centimetres in diameter, Corals, 
siliceous Sponges, and calcareous Algae. 

In 17 fathoms off Banda the bottom was a sand or gravel with 52 per cent, of 
carbonate of lime made up of Foraminifera, Gasteropod, and Lamellibranch shells, 
Echinoderm fragments, Corals, and calcareous Algae. 

Banda to Amboina . — The deposit in 1425 fathoms (see Chart 31) was a Blue Mud 
containing 31 per cent, of carbonate of lime. The surface layer, about half an inch in 
thickness, was brownish in colour, while the deeper ones were blue and very Compact. 



172 


THE VOYAGE OE H.M.B. CHALLENGER. 


Pelagic Foraminifera and Coccoliths were abundant. The mineral particles consisted of 
quartz, mica, volcanic glass, magnetite, felspar, pumice, and fragments of rocks. 

The trawl brought up a considerable quantity of mud, which, with the exception of 
a few lumpB, all belonged to the brownish surface layer. Mixed up with the mud were 
many large fragments of pumice, pieces of wood, leaves, and fragments of cocoa-nuts and 
other fruits. As was usually the case when the trawl brought up mud from the imme- 
diate surface layer, there was a large quantity of the weed-like branching Rhizopod 
described by Mr. H. B. Brady under the name of JRhizavimina algseformis, and in 
addition many deep-sea animals. 

Off Amboina in 15 to 20 fathoms the deposit consisted chiefly of Gasteropod and 
Lamellibranch fragments, while Heterostegina convplanata, var. granulosa, was largely 
represented. In addition there were mineral fragments consisting of quartz, felspars, 
and particles of volcanic rocks. 

Molucca Passage. — After leaving Amboina two soundings were obtained in the 
Molucca Passage, in 825 and 1200 fathoms (see Chart 31 and Diagram 14). The 
soundings were not successful, but from the latter depth sufficient material was obtained 
to indicate that the deposit was a Blue Mud. At 825 fathoms the trawl brought up large 
irregular fragments of a honeycombed conglomerate, overgrown with Serpula , Polyzoa, 
and Sponges. The largest fragment measured 12 by 8 inches (30 by 20 centimetres), 
and was not unlike that obtained at Station 192 a, but was much harder and the 
organisms were less apparent. Thin sections exa min ed by the microscope showed that 
the conglomerate was composed of Foraminifera and calcareous Algae cemented together 
into a hard crystalline limestone, which on analysis yielded 94 per cent, of carbonate of 
lime. This rock, unlike that from Station 192a, would seem to have been formed in com- 
paratively shallow water near land. A few Coral fragments were also brought up in the 
trawl. 

Celebes Sea. — Four soundings were taken in the Celebes Sea at 2150, 2600, 250, 
and 2050 fathoms (see Chart 31 and Diagram 14). The deposit at 2150 and 2600 
fathoms was a Volcanic Mud, the- great bulk of which was composed of broken-down frag- 
ments of pumice and clayey matter, while at 2050 fathoms, near the coast of Mindana o 
Island, it was a Blue Mud with a considerable proportion of quartz grains among the 
mineral particles. There were only slight traces of carbonate of lime, the highest per- 
centage (1'75) being found in 2050 fathoms; this was derived from a few fragments 
of Pteropods and pelagic Foraminifera shells. In each case there were two layers, the 
upper layer oozy and of a reddish colour, the lower compact and of a blue colour. At 
250 fathomB the deposit was a Green Mud ; only a small quantity was obt ain ed, in- 
sufficient for detailed examination. The trawling in 2150 fathoms (Station 198) yielded 
several fragments of volcanic rock, some palm fruits, and pieces of wood and bark. 
Globigerina, Pulvinulina, Orbulinci, and Pullenia shells were very n um erous in the 
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deeper hauls with the surface tow-nets. Some of the spines on the Globigerinss were 
very long and delicate, being eleven times the diameter of the shell. 

Sulu Sea. — The two soundings in the Sulu Sea at 2550 and 2225 fathoms (see Chart 
31 and Diagram 14) were Blue Muds, containing in the former a trace, in the latter 15 
per cent., of carbonate of lime, derived principally from pelagic Foraminifera. The 
greater part of the deposits is made up of amorphous and clayey matter. At 2225 
fathoms there were two layers, upper red, lower blue ; little difference could be detected 
between them except that of colour. There was evidence of the same arrangement in 
layers in the deposit in 2550 fathoms. 

Passages among and between the Philippine Islands. — Several soundings were taken 
in these passages in October and November 1874 and January 1875 (see Chart 31 and 
Diagram 14). At 700 and 705 fathoms the deposit was a Blue Mud, with 3 to 11 per 
cent, of carbonate of lime. The mineral particles were larger and more numerous in the 
latter than in the former. The deposit from 375 fathoms was a Green Mud containing 
36 per cent, of carbonate of lime largely made up of the shells of pelagic Foraminifera; 
glauconite, numerous casts, and many oval arenaceous bodies, believed to be the excreta 
of Echinoderms, were observed. The minerals were few and small, and embraced 
felspars, augite, hornblende, magnetite, and altered volcanic rock fragments. At 100 
and 115 fathoms the bottom consisted of Green Mud with from 50 to 56 per cent, of 
carbonate of lime, derived from shells of pelagic Foraminifera, fragments of Gasteropoda, 
Lamellibranchs, Echinoderms, and Polyzoa. The mineral particles were of a similar 
nature to those at 705 fathoms with the exception of glauconite, which is absent in the 
greater depth but present in considerable quantities in these Green Muds. Those mineral 
particles malm up from 30 to 40 per cent. After treatment with dilute acids a great 
many pale and dark green casts of the organisms were observed. Theso with Sponge 
spicules, Badiolaria, and arenaceous Foraminifera were estimated to form 3 to 4 per 
cent. The deposit in 95 fathoms was a Blue Mud containing about 36 per cent, of 
carbonate of lime, which consisted of a large number of pelagic and other Foramini- 
fera, fragments of Echinoderms, Molluscs, and Polyzoa. This and the following station 
are within an area known as the Euplectella ground, where the greatest number 
of these Sponges was obtained. The siliceous organisms formed fully 10 per cent. 
Glauconite is found among tlie min erals, while abundant casts of the organisms remain 
after treatment with dilute acid. This seems to be a Green Mud in process of formation 
and resembles that obtained off the coast of Australia, near Sydney. 

China Sea. — In the voyage to Hong Kong and back two soundings were obtained 
in 2100 and 1050 fathoms (see Chart 31 and Diagram 14). The deposits were Blue 
Muds, containing in the former a trace, in the latter 22 per cent., of carbonate of lime 
chiefly composed of pelagic organisms. The mineral particles made up from 5 to 10 per 
cent., consisting of quartz, felspars, hornblende, augite, magnetite, and volcanic glass; 
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siliceous organisms made up 5 to 10 per cent. Two or three rounded nodules of pumice, 
l'to 3 centimetres in diameter, were obtained from 1050 fathoms. 

Meangis Island to Admiralty Islands. — In this section (see Chart 31 and Diagram 
15) the deposits presented some points of considerable interest. At 500 fathoms, near 
Meangis Island, the deposit was a Blue Mud with 34 per cent, of carbonate of lime, made 
up principally of pelagic Foraminifera, and over 20 per cent, of mineral particles, includ- 
ing felspars, quartz, augite, hornblende, magnetite, and pumice. In the trawl were many 
fragments of traehytic tufa. The deposit from 2550 fathoms was a Red Clay containing 
no carbonate of lime, and comparatively few min eral particles, which were volcanic, the 
great mass of the material being made up of fine amorphous and clayey matter. The 
trawl brought up from this depth several fragments of pumice about the size of a hen’s 
egg] these all contain porphyritic minerals, and are in some cases slightly impreg- 
nated with manganese. At 1675 and 2000 fathoms were found Globigerina Oozes 
with 49 and 35 per cent, of carbonate of lime respectively. Mineral particles were 
few and small, and consisted of felspars, pumice, augite, and magnetite. Fewer Cocco- 
liths and RhabdolithB were present in the greater depth. The trawl brought up from 2000 
fathoms a considerable number of pumice stones varying in size from that of a marble to 
that of a .hen’s egg. The surfaces of most of these were impregnated with mang anese 

At 2000 fathoms nearer the coast of New Guinea the deposit was a Blue Mud con taining 
13 per cent, of carbonate of lime, chiefly derived from re mains of surface Foraminifera. 
The mineral particles were exceedingly few and small, and consisted of fragments of fel- 
spar, augite, volcanic glass, and quartz. Two or three small pellets of pumice and several 
worm tubes were obtained in the sounding tube. The deposit in 1070 fatho ms , between 
New Guinea and the Admiralty Islands, was a Blue Mud with a reddish surface layer, and 
contained 1 7 per cent, of carbonate of lime. No difference could be detected in composi- 
tion between the two layers. Mineral particles made up 10 per cent., but the mass of 
the deposit was fine amorphous clayey material. The trawl brought up a lar ge quantity 
of mud, large pieces of pumice, fragments of wood and fruits, Pteropod and Ianthina 
shells, and nearly two hundred specimens of deep-sea animals ; the net was covered with 
a branching Rhizopod. The pieces of pumice varied in size from that of a pea to that of 
a hen’s egg, and were slightly impregnated with manganese, and overgrown by Serpula 
and Hyperamminci vagans. Siliceous organisms made up 4 per cent. 

Humboldt Bay, New Guinea.— The deposit in 37 fathoms was a Blue Mud containing 
29 per cent, of carbonate of lime, derived from pelagic and other Molluscs, bottom-living 
and pelagic Foraminifera, Ostracodes, fragments of Echinoderms, and calcareous Algae. 
The mineral particles with a mean diameter over 0*05 mm. are estimated to make up 20 
per cent., while the fine washings largely consist of smaller mineral particles. A few 
green casts of Foraminifera remained after treatment with dilute acid. 

Of Admiralty Islands.-From 16 to 25 fathoms in Nares Harbour (see Chart 34) 
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the bottom consisted of Cora] Sands and Muds yielding on analysis about 87 per cent, of 
carbonate of lim e, coming from fragments of Coral, calcareous Algae, Lamellibranchs, 
Gasteropoda, pelagic and bottom-living Foraminifera. Many of the large fragments wore 
overgrown with Serpulct and Polyzoa. Mineral particles were few and small, and con- 
sisted of p umi ce, felspar, volcanic glass, augite, magnetite, quartz, and some manganese 
grains. A few imperfect casts of the org anisms remained after treatment with dilute 
acid. From 150 fathoms, about a mile from the reef, traces of a greenish coloured Volcanic 
Sand were obtained. 

Admiralty Islands to Japan . — The deposits between the Admiralty Islands and 
Japan (see Chart 31) were of very high interest, chiefly from the large number of Radio- 
laria present in them, and also from the almost complete absence of carbonate of lime iu 
the deeper soundings. In depths greater than 2400 fathoms there was either no 
carbonate of lime in the deposit or only a small percentage, as for instance in 2450 
fathoms in lat. 2° N., where there was 6 per cent., due to the presence in the deposit of 
a few broken fragments of pelagic Foraminifera shells. On the other hand, there was 
79 per cent, of carbonate of lime in the deposit at 1850 fathoms on the Caroline Islands 
plateau, which was a Globigerina Ooze made up principally of the shells of pelagic 
Foraminifera, Coceoliths, and Rhabdoliths, The absence of the shells of Pteropods, 
Heteropods, and other pelagic Molluscs from this deposit is worthy of note, as well aB tho 
absence of the Foraminifera shells from all the deeper deposits, as these organisms wore 
very numerous at the surface throughout the whole region. As already stated, siliceous 
shells and skeletons were especially abundant in some of the deposits in this section, 
more numerous than in any deposits previously met with during the cruise. In one 
instance these beautiful little organisms made up about four-fifths of the deposit, which 
was in consequence called a Radiolarian Ooze. This was the case in the deepest 
sounding, viz., 447 5 fathoms, the greatest depth from which a specimen of the bottom 
had hitherto been obtained. On this occasion the sounding tube had sunk about 3 or 4 
inches (8 or 10 centimetres) into the bottom and brought up a section to that extent. 
The layer, which formed the upper surface at the bottom of the sea, was of a red dish or 
chocolate colour, and contained, besides the Radiolarian and Diatomaeeous remains, 
numerous small round pellets of manganese peroxide, fragments of pumice, and clayey 
matter. The deeper layers were of a pale straw colour, and resembled both in appearance 
and touch the Diatom Ooze from the Antarctic Ocean. These deeper layers had a 
laminated structure, and were very compact and difficult to break up, being composed of 
felted masses of Radiolaria and frustules of Diatoms. 

Pumice was very abundant in all the deposits, the trawl frequently bringing up 
numerous rounded pieces, many of them partly decomposed and coated with manganese 
peroxide. The mineral fragments in the deposits appeared to be chiefly derived from 
the pumice, except in the soundings close to the Japan coast. All the deeper deposits 
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were brown or chocolate coloured, due to the presence of manganese. A glance at Dia- 
gram 16 shows the relationship between the depth and percentage of carbonate of lime. 

The surface fauna and flora was especially rich and abundant throughout. In the 
region of the Counter Equatorial Current, between the Equator and the Caroline Islands, 
pelagic Foraminifera and Mollusca were caught in great numbers in the surface-nets, 
surpassing in this respect anything previously observed. This fact is most probably in 
relation with another, which may he pointed out. In this region the soundings in 2325 
and 2450 fathoms contained respectively 52 and 7 per cent, of carbonate of lime, 
whereas at 2300 fathoms, in lat. 14° 44' N., only a few broken fragments of Globigerina 
shells could be detected on microscopic examination, and at 2450 fathoms, in lat. 
19 24 / N,, there was not a trace of carbonate of lim p, shells in the ooze. This shows 
apparently that where there are numerous calcareous shells at the surface their r emains 
may be found at greater depths at the bottom than where relatively less ab undan t 
at the surface. The pelagic Foraminifera appear to float about in great banks ; one day 
immense numbers of Pulvinulina would be taken in the net, the next day Pullenia 
would be most abundant, and Pulvinulina nearly or quite absent from the hauls. The 
heavier shelled specimens were usually taken when the nets were dragged 100 or 150 
fathoms beneath the surface. Between latitudes 10° and 20° N., Oscillatori© were very 
numerous at the surface, and Diatoms, especially a large cylindrical Ethmodiscus, Castra- 
cane, were more abundant than in the tropical waters of the Atlantic far from land. 
The great abundance of Eadiolaria and Diatoms is specially noteworthy. 

Off Japan .— The soundings taken off the coast of Japan and in the Inland Sea (see 
Chart 35) proved to be Green and Blue Muds. Those in the Inland Sea, from depth s of 
8 to 1 5 fathoms, were Blue Muds containing from 4 to 1 1 per cent, of carbonate of lime, 
consisting of a few Foraminifera, fragments of Echinoderms, Molluscs, &c. There were, 
however, no pelagic Foraminifera shells, nor were any of these organisms found in the 
surface-net gatherings during the cruise in the Inland Sea. The bulk of these deposits 
was made up of mineral matter, 40 to 50 per cent, being composed of fragments over 
0 05 mm. in diameter, while the great mass of the fine washings consisted of finer 
mineral particles. Many Diatoms were observed. 

The deposits from 345 to 775 fathoms off the coast were Green Muds containing from 
a tiace to 5 per cent, of carbonate of lime, of which pelagic Foraminifera formed a 
considerable proportion. Mineral particles over 0 -05 mm. in diameter made up from 50 
to 80 per cent., and consisted of felspars, magnetite, augite, hornblende, glauconite, 
quartz, volcanic glass, and pumice. In all these cases the mean diameter was about 
0 20. mm., while green coloured casts of the Foraminifera remained after treating a 
portion of the deposits with dilute acid. The Green Muds from Stations 236 and 236a 
might equally well be designated Blue Muds, owing to the relatively small quantity 
of glauconite and the presence in some quantity of quartz fragments. 
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The deposits from depths greater than 1000 fathoms off the coast were Blue Muds 
containing from a mere trace to 4 per cent, of carbonate of lime, consisting to some 
extent of remains of pelagic organisms. In these deposits there were two layers — the 
upper red and the lower of a green or blue colour. Mineral fragments formed from 10 
to 30 per cent, of the whole; these were of a volcanic nature. From 1875 fathoms 
the trawl brought up several pumice stones and many large blocks having the same 
mineralogies! composition and clastic elements as the mud itself ; these appeared to be 
indeed simply conglomerated portions of the bottom. Hardened conglomerations of 
deposit were also obtained from 420 fathoms. 

Japan to the Sandwich Islands. — The deposits between Japan and the Sandwich 
Islands (see Chart 36) were most interesting. The deposit in 1875 fathoms, off Japan, 
has already been noticed. In all the greater depths there was no carbonate of lime in the 
deposits, but it is instructive to notice that at two stations where the depth was less than 
the average, viz., 2800 and 2050 fathoms, there was respectively 17 and 56 per cent, of car- 
bonate of lime, consisting chiefly of the shells of pelagic Foraminifera ; this clearly shows, 
as has been already pointed out, that the amount of carbonate of lime deposited is in 
inverse relation to the depth, when as in this instance the surface conditions are the same 
or nearly so. It is to be noticed, however, that in 2225 fathoms close to the Sandwich 
Islands there was only a trace of carbonate of lime. A sounding (Station 247), where 
the depth was 2530 fathoms, was remarkable. In the upper part of the section brought 
up by the sounding tube there was a reddish clay without any carbonate of lime ; this 
layer was about an inch in thickness, and was somewhat sharply marked off from the lower 
layers, which were of a much lighter colour, and contained about 10 per cent, of carbonate 
of lime in the form of shells of pelagic Foraminifera. This condition of things might be 
explained by supposing that after the lower layers had been laid down, a subsidence of 
the bottom had taken place to the extent of 200 or 800 fathoms. All the deposits from 
the Japan coast to the 170th meridian of west longitude contained a very large number 
of the remains of surface-living siliceouB organisms, chiefly Radiolaria. As the Sandwich 
Islands wore approached, the siliceouB organisms almost disappeared from the deposits, 
which were then almost wholly composed of the triturated fragments of pumice and 
amorphous clayey matter. For the relative depths and percentages of carbonate of lime, 
see Diagrams 17, 18, and 19. 

There were eleven trawlings and two dredgings during the trip, but on four occasions 
the line parted and the trawls with a considerable length of line were lost. The others 
were fairly successful and productive. On all occasions the bag of the trawl contained 
numerous pieces of pumice and many manganese nodules. Some of the rounded 
fragments of pumice were quite fresh and unaltered ; others had undergone profound 
alteration, and were frequently coated with successive layers of the peroxide of manganese. 
These pieces of pumice seem to have formed the centres of most of the manganese 

(deep-sea deposits ohall. exp.-*-1890.) 28 
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nodules taken in the North Pacific, hut on several occasions the nuclei were teeth of 
sharks — Oxyrhina, Lamna, and Garcharodon — and in one instance a siliceous Sponge 
(Farrea) occupied the centre of the nodule. On the 12th July, from 2740 fathoms, the 
dredge contained a large tubfull of these dark brown manganese nodules, which, when 
rolled out on the deck, somewhat resembled in appearance a lot of potatoes, the largest 
being about the Bize of cricket balls. 

Off Sandwich Islands. — The deposits near the Sandwich Islands (see Chart 87) were 
Volcanic Muds and Coral Sands. At 310 fathoms only a trace of mud was got on 
the beam of the trawl, while in the trawl was a piece of black volcanic ash and a portion 
of branching Coral ( Gorgonia ). In Honolulu Harbour the bottom at 4£ fathoms was 
a Volcanic Mud with 10 per cent, of carbonate of lime. This mud extended only to the 
reefs, for beyond 1 the bottom consisted of Coxal Sand with 88 per cent, of carbonate of 
lime. The minerals, however, were in both cases of vol cani c origin. 

Sandwich Islands to Tahiti. — The deposits between the Sandwich Islands and 
Tahiti (see Chart 38) presented many points of great interest. The mineral particles 
consisted of minute fragments of felspars, augite, hornblende, magnetite, and vitreous 
particles, magnetic (cosmic) spherules, and crystals of phillipsite, together with many 
pumice stones, palagonite, and manganese nodules. At each' station- these minerals varied 
much, as to their relative abundance. 


Between Hawaii and the 7th parallel of north latitude the depths ranged between 
2650 fathoms and 3000 fathoms; the first two soundings were Volcanic Muds, the next 
in 3000 fethoms a Bed Clay, the remaining four being Badiolarian Oozes consisting wary 
arge y o t e remains of Badiolaria and Diatoms, these organisms becoming more 
numerous as the distance from Hawaii increased. There was hardly a trace of carbonate 
of hme m these deposits. The next three soundings were between the 6th parallel north 
and 1st parallel south latitude, the depths being 2550, 2925, and 2425 fathoms, and the 
depots contained respectively 21, 71, and 81 per cent of carbonate of lime, chiefly in 
the fom of the shells of pelagic Foraminifera. The reason why such a relatively high 

fmTftTth r0at ^ 0nate otbme ™ f °™d “ a* depths is probably explained by the 
feet that the pelagic Foramimfera and Molluscs were exceedingly abundant in the 
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up the principal part of the deposit ; these had been present in many of the previous 
deposits, but never in such abundance as in this instance. There was no carbonate of 
lime, and Badiolaria, which had been so abundant in previous deposits in this section, were 
only represented by a few specimens. The same remark as to the absence of Radiolaria 
applies to the next two stations, where the depths were 2350 and 2325 fathoms respec- 
tively, but there was in these 28 and 9 per cent, of carbonate of lime, which was due to 
the presence of calcareous Foraminifera. The deposit in 1525 fathoms was a Volcanic 
Mud containing 20 per cent, of carbonate of lime (see Chart 38 and Diagram 19). 

In every instance the dredgings and trawlings yielded some manganese nodules and 
pumice, but on two or three occasions the manganese nodules were in extraordinary 
abundance. From 2750 fathomB on the 11th September there was over a peck of heavy, 
very compact, oval-shaped nodules. The largest were 10 centimetres in width and 5 
centimetres in depth ; the upper surface was smooth, while the under one was rough and 
irregular. Although differing in size, most of these nodules had the same shape, indeed 
it may be remarked that there is generally a close resemblance both in composition and 
shape and sometimes in size among the nodules from any single dredging. Among the 
nodules were sixteen sharks' teeth of considerable size, two being those of Carcharodon , 
nine Oxyrhina, and five Lamina; some of these were deeply imbedded in deposits of 
manganese. There were in addition to the above eight earbones of Cetaceans belonging 
to the genera Globiocephalus, Mesoplodon, and species of Delphinidse. 

On the 16th September, from 2350 fathoms, the trawl brought up more than half a 
ton of manganese noduleB, which filled two small casks. The great majority of these 
nodules were small and nearly round, resembling a lot of marbles with a mean diameter 
of three quarters of an inch. The nuclei of these nodules were generally palagonite or 
other volcanic material, but very frequently small sharks’ teeth or fragments of bone. 
Among the nodules were counted two hundred and fifty sharks’ teeth, without taking 
into account those less than half an inch in length. Three of the teeth belonged to 
Ga/rchamodon, being from 2 to 2£ inches (5 to 6 ‘3 centimetres) across at the base of the 
dentine. Ten resembled those of Carcharias, and the remainder were referred to the 
genera Lamna and Oxyrhina . The Cetacean bones among the nodules consisted of two 
tympano-periotic bones of Mesoplodon , eight separate petrous bones, and six tympanic 
bullae belonging to Globiocephalus, Delphinus, and Eogia (?). 

Off Tahiti, — So irregular was the ground from the reef out to 35 fathoms that 
dredging was almost, if not quite, impossible; still by means of the swabs and tangles 
some Corals were obtained. From 35 to 40 fathoms down to 150 fathoms dredging 
was equally difficult. Here a number of Sponges, Alcyonairians, Corals, and other 
invertebrates were obtained. Beyond 150 fathoms the bottom was a Coral Sand with 
volcanic minerals and pelagic shells. The soundings taken by the ship at depths of 420, 
590, 620, and 680 fathoms showed the presence of a Volcanic Mud, cont a in i ng from 19 
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to 25 per cent, of carbonate of lime, derived from coral debris, fragments of Pteropods, 
Gasteropoda, Cocdoliths, with pelagic and other Foraminifera. The mass of the deposits 
was formed of fine mineral fragments (see Chart 39). 

Tahiti to Valparaiso. — As might be expected from the undulating nature of the 
bottom, and the varying distance from land, the deposits presented considerable variety 
during the trip between Tahiti and Valparaiso (see Chart 38). In all depths less than 
2000 fathoms the deposit was a Globigerina Ooze with over 50 per cent, of carbonate of 
lime, the highest percentage being 84 in 1600 fathoms. As the 40th parallel south was 
approached the purely tropical species of pelagic Foraminifera — such as Globigerina con- 
globata , Sphseroidina dehiscens, Pulvinulina tumida, Pullenia obliquiloculata — disap- 
peared both from the surface waters and from the deposits at the bottom. At the depth 
of 1600 fathoms above referred to the deposit was chiefly composed of the following 
species, which were mostly dwarfed : — Globigerina bulloides , Globigerina inflata, Globi- 
gerina dubia, Globigerina seguilaterdlis, OrbuUna universat, Pubinulina canariensis, 
Pulvinulina micheliniana, and Pulvinulina menardii. There were a few fragments of 
Pteropods in the deposit from 1500 fathoms, but with this exception the shells of pelagic 
Mollusca were entirely removed from the bottom. 

In depths greater than 2000 fathoms there was less than 50 per cent, of carbonate of 
lime, viz., 46 per cent, at 2075 fathoms, 26 per cent, at 2375 fathoms, still less in 2400 
fathoms, and scarcely a trace in 2600 fathoms, thus showing a gradual diminution in the 
number of calcareous shells with increasing depth (see Diagrams 19, 20, and 21). 

At several stations the sounding tube had penetrated over a foot into the deposit, 
and on two occasions, viz., at 2075 and 2270 fathoms, there was much less carbonate 
of lime in the lower layers than in the upper ones ; but on another occasion, in 2335 
fathoms, the arrangement was the reverse of this, a Eed Clay with only a few calcareous 
shells occupying the surface, and a Globigerina Ooze with very many calcareous shells 
forming the deeper layers. There were very few remains of siliceous org anisms in all 
these deposits, in which respect they are in marked contrast to the deposits of the Central 
and West Pacific. 

The deposits in 2225 fathoms (see Chart 38) and 2160 fathoms off the coast of South 
America (see Chart 40) were Plus Muds, similar in all essential respects. The former 
contained 6, the latter 15, per cent, of carbonate of lime, which consisted chiefly of the 
shells of Globigerina and Orbulina and Coccoliths. The mineral particles consisted of 
quartz, mica, felspars, augite, hornblende, palagonite, and glauconite. It is worthy of 
note that glauconite was not observed in the deposits after leaving the coast of Jap an till 
approaching Valparaiso, in 2225 fathoms, and with some exceptions the same remark 
applies to quartz grains. The trawlings on both occasions were very productive, some 
pumice stones and a few manganese nodules ; being obtained from 2160 fathoms. At 41 
fathoms a Blue Mud waB obtained, containing only a trace of carbonate of lime, in which 
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the mineral particles were very few and very small for a shore deposit ; the mass of the 
mud was amorphous and clayey matter of a green-blue colour. 

The various dredgings and trawlings were successful with one exception, when the 
line parted and a trawl with 1600 fathoms of line were lost. The number of animals was 
not large. From 2550 fathomB there were several siliceous Sponges and Annelids, and 
two specimens of Brisinga, along with some Shrimps and a Scopelid Fish ( Bathypterois 
longicauda, Gunther) which probably did not come from the bottom. In several trawlings 
in depths between 2000 and 2385 fathoms there were again several siliceous Sponges, a 
Holothurian ( Oneirophanta mutabilis, Thiel), Plymenaster echinulatus , Sladen, several 
Annelids and Hydroids, together with a few Fish and Crustaceans which probably came 
from intermediate depths. In depths less than 2000 fathoms animals were not much 
more abundant. The best haul was in 1825 fathomB, including the following: — • 
Ophiomusium lymani, Wyv. Thomson; Ophiotkolia supplicans, Lyman; Cystechinus 
wyvillii, A. Agassiz ; and Polystomidium patens, Hertwig. In addition to the animals 
here mentioned there were of course at all the stations many Foraminifera living on the 
bottom — some attached to the nodules, some living in the mud, with either arenaceous 
or calcareous tests. There were many surface animals taken in the tow-nets during 
each day of the cruise, but the number of forms was much less than in the tropical 
waters. 

By far the most interesting result of these trawlings and dredgings was the great 
number and variety of sharks’ teeth, bones of Cetaceans, manganese nodules, volcanic 
lapilli, and zeolitic minerals procured in all the greater depths, especially towards the 
centre of the Pacific, all of which will bo referred to in detail in subsequent chapters. 

Valparaiso to the Gulf of Peftas. — The deposit at 1375 fathoms, 20 miles to the 
eastward of Juan Fernandez (see Chart 40), was a Globigerina Ooze containing 54 per 
cent, of carbonate of lime, which consisted of tho shells of Foraminifera, a few fragments 
of Pteropods, Echinoderms, and Polyzoa. The mineral particles were chiefly of volcanic 
origin, and among them were very many fragments of palagonite. 

The trawl contained over one hundred deep-sea animals, and fragments of palagonite, 
pumice, and tufa. The trawl appeared to have caught in something at the bottom, for 
the accumulators were stretched to their utmost before it was finally freed. When it 
came to the surface the net was not torn, but the beam was scored and marked with 
streakB of black manganese peroxide. The fragments of tufa in the trawl were coated 
with manganese on one side, and appeared to have been torn away from larger masses, so 
that here as well as at several other stations there were indications that the bed of the 
ocean was uneven, probably from volcanic disturbance. 

At 1450 fathoms, 330 miles westward from Chiloe Island, the deposit was again a 
Globigerina Ooze containing 82 per cent, of carbonate of lime. The mineral particles, 
were chiefly minute fragments of basic volcanic glass and palagonite, and peroxide of 
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manganese. The pelagic Foraminifera in the deposit were chiefly shells of Globigerina 
with a few of Orbulina and Pulvinulina, and all these were very small and dwarfed, 
in this respect agreeing with those taken. on the surface by means of the tow-nets. 

The trawl again brought up a large number of animals and some manganese nodules. 
Some of these latter appeared to have been fragments tom from larger masses, and some 
had nuclei which seemed originally to have been portions of the ooze itself. This associa- 
tion of manganese nodules with altered volcanic fragments in a Globigerina Ooze was 
frequently observed during the Expedition. 

The deposit in 1325 fathoms was a Blue Mud containing 26 per cent, of carbonate of 
lime, made up of pelagic and other Foraminifera, fragments of Polyzoa, Echini spines, 
Ostracode shells, and fragments of other calcareous organisms. The mineral particles 
consisted chiefly of quartz and fragments of rocks and minerals derived from the 
continent. 

Gulf of Penas to Sandy Point through Magellan Strait. — The deposits in the 
Messier and Sarmiento Channels and Magellan Strait were in all cases Blue Muds con- 
taining generally very little carbonate of lime, and consisting mostly of debris from the 
neighbouring mountains. At Stations 308 and 311 there was 29 and 34 per cent, of 
carbonate of lime respectively. These deposits were forming in more or less open water, 
or in water affected by the ocean ; the former was situated at the junction of Trinidad 
Channel with Conception Channel, the latter in the open water of Sea Reach (see Chart 
41 ). Pelagic Foraminifera were only represented by a few stray specimens of Globigerina , 
and on the surface only a few of these shells were noticed, the deposits and surface 
gatherings in these enclosed channels thus being in marked contrast to what are found 
in the open sea, at some distance from land. The mineral fragments proper made up 
from 1 to 75 per cent, of the muds, and consisted of quartz, felspars, hornblende, mica, 
pumice, magnetite, and lapilli. Casts of organisms were observed in one or two cases. 

In addition to the Challenger collections, the deposits from many lines of soundings, 
carried out by other ships, have passed through our hands ; several thousand samples of 
deposits from nearly all regions of the great ocean basins and from many enclosed seas 
have thus been examined in the same way as the Challenger specimens. The general 
results are exhibited on Chart 1, which will be specially referred to when dealing with the 
geographical and bathymetrical distribution of deposits in a subsequent chapter. How- 
ever, it may here be pointed out that the examination of these additional specimens 
confirm all the general conclusions indicated in the foregoing remarks on the Challenger 
sections across ocean basins and enclosed seas. They indicate a greater abundance of the 
remains of carbonate of lime organisms in the deposits from tropical regions, — those of 
pelagic surface-living organisms abounding in the deposits from deep water removed from 
the shores of continents and islands, and those of bottom-living or attached organisms 
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abounding in the deposits from shallower waters near shore. The number of species of 
pelagic shells found in the deposits decreases in proportion as the colder waters of the 
polar regions are approached, till in the Globigerina Ooze of the Norwegian Sea only two 
species of pelagic Foraminifera are present. 

Everywhere a general, if fluctuating, decrease in the quantity of carbonate of lime in 
the deposits is indicated with increasing depth, till in the greatest depths of the ocean 
hardly a trace of calcareous shells can be detected in the Red Clays or Radiolarian Oozes. 
This absence of carbonate of lime from the deeper deposits evidently does not in any way 
depend on the conditions at the surface of the ocean, for the tow-nets showed that the 
calcareous organisms were as abundant over the areas where none of these dead shells 
were found in the deposits as over those areas where they made up the principal part of 
the deposit in shallower depths. However, in latitudes where these shells are less 
numerous at the surface, the dead shells are removed from the deposits in lesser depths 
than in latitudes where they are more abundant. In like manner, on approa chin g the 
coasts, excepting always those shores which are fringed by coral reefs, a similar decrease 
in the percentage of carbonate of lime is observed, in this case, however, due to the pre- 
ponderance of land debris in terrigenous deposits. 

Glauconitic grains, glauconitic casts of the calcareous organisms, glauconitic and phos- 
phatic nodules, have been found in a large number of samples of deposits from the 
deeper water along a great many continental shores, associated with mineral particles 
derived from the disintegration of continental rocks. As in the case of the C hall enger 
explorations, these materials have been found only in exceptional circumstances towards 
the central regions of the great ocean basins, as for instance where the sea is occasionally 
affected by floating ice or by winds blowing directly from desert lands. 

In the deepest water of the Indian Ocean, and in portions of the Pacific Ocean, Radio- 
larian Ooze, Red Clay, zeolitic and manganiferous deposits have been discovered in quite 
similar positions and conditions to those that were investigated by the Challenger 
naturalists in the Pacific, and the same may be said of Globigerina Ooze, Diatom Ooze, 
Pteropod Ooze, and the several varieties of terrigenous deposits in other regions. 



CHAPTER III. 


ON EECENT MARINE FORMATIONS AND THE DIFFERENT TYPES OF DEEP-SEA 
DEPOSITS: T HEIR COMPOSITION, GEOGRAPHICAL AND BATHYMETRICAL 
DISTRIBUTION. 

a. Recent Mar tne Formations in General. 

In the preceding chapters we have described, the methods employed in. the study of 
Marine Deposits ; thereafter we have given detailed descriptions of all the specimens of 
these deposits collected during the Challenger Expedition, and have pointed out some of 
the principal variations which these undergo with change of depth and other conditions. 

In the present chapter we shall discuss the various kinds of marine formations now in 
process of being laid down on the floor of the ocean, and, as the Challenger investigations 
lay for the most part in the great ocean basins, we shall deal more especially with the 
different types of deposits discovered in the deep sea. Indeed, shallow- water and littoral 
formations will only be referred to incidentally and by way of illustration in the present 
work, which is devoted to a consideration of Deep-Sea Deposits. 

What are we to understand by the deep sea ? In this Report the term “ deep sea ” 
is applied to all depths of the ocean exceeding 100 fathoms (183 metres). We have been 
led to adopt this somewhat arbitrary limit from a number of considerations. The 100- 
fathom line is well delineated on all charts. All soundings in depths less than 100 fathoms 
are regarded by marine surveyors as useful for navigational purposes, and their positions 
are in consequence carefully entered on the charts along all coasts. In this way it 
happens that the 100-fathom line is at the present time the best defined of all the 
bathymetrical contour lines. Soundings beyond 100 fathoms were exceptional until 
within the last thirty years, when, in connection with telegraphic construction, it became 
necessary to ascertain the relief as well as the nature of the bottom from soundings 
along many lines across the great oceans. 

Although there is no sudden or well-marked change in the nature of the deposits at a 
depth of 100 fathoms, still along all coasts bordering the great oceans this appears to be 
the average depth at which, in proceeding seawards, great abundance of fine amorphous 
particles settle permanently on the bottom. At about this depth the bottom is in 
general rarely disturbed by the action of currents or waves, and sunlight and vegetable 
life are nearly, if not quite, absent; 1 beyond 100 fathoms we have, as a rule, muds 
and oozes, while within the 100-fathom line sands and coarser deposits prevail. 

1 See P. M. Duncan, “ On Some Th.allopbj'tea parasitic within recent Madreporaria,” Proc. Boy. Soo., vol. xxv. pp. 
238-257, 1876. 
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Notwithstanding some exceptions, due to special conditions, as, for instance, on deep 
ridges between oceanic islands, where gravelly deposits are found, or in bays, fjords, and 
enclosed seas, where mud is met with in shallow water, it may be said that, along all 
coasts situated in or fronting the great oceans, 100 fathoms is the average depth at 
which fine mud or ooze commences to form. At about this depth the deposits on the 
whole assume a greater uniformity of composition and grain,, and the signs of mechanical 
action tend to diminish or completely disappear. The greater the extent and depth 
of the ocean, the .greater the depth to which wave-movement extends, and consequently 
the greater is the depth at which the mud-line is formed around the coasts, 1 but the 
average depth of this mud-line may be taken as approximately about 100 fathoms. 

Not only is the 100-fathom line important as a dividing line between Deep-Sea and 
Shallow-Water Deposits, but in the physical relief of the globe it appears to mark the 
outer and upper limits of the continental masses, all within that line (the continental 
shelf) belonging to the continental plateaus, while beyond the 100-fathom line there 
is a relatively rapid descent of the sea-floor to the level of the depressed regions of the 
oceanic basins. This is shown by the fact that, while the area of the ocean between the 
shore- lin e and a depth of 100 fathoms is estimated at over ten millions of square miles, 
the area between the 100-fathom line and the 500-fathom line— in other words, the area 
of the ocean’s bed taken in by a descent of the next 400 fathoms — is estimated at only 
about seven millions of square miles. 

Marine Deposits as a whole may be arranged, from the point of view of their relative 
geographical and bathymetrical position, into three groups, viz., (l) Deep-Sea Deposits, 
formed beyond the 100-fathom line; (2) Shallow-Water Deposits, formed between the 
100-fathom line and low-water mark ; and (3) Littoral Deposits, formed in the space 
between high and low water marks. From the point of view of their composition, as 
well as of their geographical and bathymetrical position, Marine Deposits may be separ- 
ated into two great divisions, viz., (I.) Pelagic Deposits — those formed towards the 
centres of the great oceans, and made up chiefly of the remains of pelagic organisms along 
with the ultimate products arising from the decomposition of rocks and minerals ; and 
(II.) T erri genous Deposits — those formed close to continental and other lands, and 
largely made up of transported materials immediately derived from the disintegration of 
the land masses. 

The relations of these large groups to each other, and their subdivisions, are exhibited 
in the following scheme, which is the first attempt at a systematic classification of Marine 
Deposits as a whole. 2 

i Stevenson, “ On the Destructive Effects of the Waves of the Sea on the North-East Shores of Scotland,” Pm. Roy. 
Soc . j Edin., vol. iv. pp. 200, 201, 1859. 

a A very large number of names have been given to deposits in the littoral and shallow- water zones by geologists, 
physical geographers, and marine surveyors, viz., muds, oozes, sands, boulders, gravels, with various qualifying 
words indicating their colour, physical aspect, or composition, such as blue, red, yellow, black, soft, coarse, angular, 

(debp-sea deposits cjetall. exp. — 1890.) 
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Marine Deposits . 


1. Deep-Sea Deposits, beyond 100 
fathoms. 


2. Shallow-Water Deposits, be- 
tween low-water mark and 
100 fathoms. 


Red Clay. 
Radiolarian Ooze. 
Diatom Ooze. 
Globigerina Ooze. 
Pteropod Ooze. 

Blue Mud. 

Bed Mud. 

Green Mud. 
Volcanic Mud. 
Coral Mud. 


> Sands, gravels, muds, &c. 


I. Pelagic Deposits, formed 
in deep water removed 
from land. 


3. Littoral Deposits, between high \ 
and low water marks. ) 


Sands, gravels, muds, &c. 


II. Terrigenous 
formed in 


Deposits, 
deep and 


f shallow water close to 
land masses. 


In the above classification of Marine Deposits it will be observed that those forming 
in the shallow-water and littoral zones surrounding the land masses are not included in 
the term Deep-Sea Deposits, and in consequence the deposits of these zones do not fall 
to be considered in detail in this Report. Shallow-water and littoral formations had 

rounded, siliceous, calcareous, &c. The same terms have been applied also to Deep-Sea Deposits, with the addition of 
further modifying expressions. Murray in his preliminary report adopted various new names for the deep-sea deposits 
collected by the Challenger Expedition, and these were more fully defined in a subsequent paper by Murray and 
Eenard. Schmelck applies the foUowing terms to the deeper deposits of the Norwegian Sea— Biloculina Clay, 
Transition Clay, and Grey Clay ; and to the shallower deposits — Rhabdammina Clay and Volcanic Clay. Delesse 
used the terms— Calcaire tendre ou crayeux, Vase, Vase sableuse, Vase calcaire, Sable vaseux, Vase graveleuse, Argile, 
Gravier, &c. Agassiz makes use of the terms — Volcanic Shore Deposit, Siliceous Shore Deposit, Coral Ooze, Clay, Modi- 
fied Globigerina Ooze, Modified Pteropod Ooze, Pine Telluric Silt. (See Murray, Proc. Boy. Soc ., vol. xxiv. pp. 471-532, 
1876 ; Murray and Renard, Proc. Roy. Soc. Edin ., vol. xii. pp. 495-529, 1884 ; Schmelck, Norwegian North Atlantic 
Expedition, Chemistry, part ix., Christiania, 1882 ; Delesse, Lithologie du Pond des Mers, 2 vols. and atlas, Paris, 1871 ; 
Agassiz, Three Cruises of the “ Blake,” 2 vols., Boston and New York, 1888 ; Issel, Note geologiche sugli alti fondi 
marini, Bull. Soc. beige de Geologie , etc., 1888, p. 19; Thoulet, Oceanographie (Statique), Paris, 1890; Giimbel, Die 
mineralogisch-geologische Beschaffenheit der auf der Porschungsreise S.M.S. “Gazelle” gesammelt Meeresgrund-Abla- 
gerungen, Forschungsreise S.M.S. Gazelle, Theil ii., Physik und Chemie, Berlin, 1890.) Nearly all the above terms 
are more or less indefinite and uncertain in their application, and, with the exception of our own nomenclature, no 
systematic attempt has been made to define the sense in which they should be used ; the same is the case with other terms 
not here referred to. The classification which we have adopted was suggested some years ago in our joint paper, and 
generally accepted in the principal text-books of geology (Geikie, de Lapparent, Credner, etc.) ; this nomenclature is by 
no means all that could be desired as to the choice of the terms employed, for sometimes these indicate the composition 
of the deposit, sometimes only the colour. We believe, however, that it is better, in the present state of our know- 
ledge, to retain terms now in use than to introduce new ones, to which it would be difficult to attach more definite 
meanings. With the help of the definitions given in this work future observers should have no difficulty in recognising 
any specimen from the deep sea as belonging to one or other of the types named in the above classification and 
described in detail in this chapter. 
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indeed been treated, more or less fully, by many writers on Geology and Physical 
Geography long before the recent deep-sea investigations were undertaken, and hence 
there is less necessity to dwell on them in this place. Our remarks will therefore be 
limited to indicating the principal physical conditions and essential characters of the 
deposits in each of the above-mentioned zones. 

Littoral Deposits . — These deposits are formed between high and low water marks, 
and if we take the length of the coast lines of the world at 125,000 miles, 1 and the 
average width of this zone at half a mile, then, at the present time, these deposits are 
now forming over an area of 62,500 square miles 2 of the earth’s surface. The littoral 
zone is the one in which boulders, gravels, sands, and all coarser materials accumulate, 
though occasionally muds may be met with in sheltered estuaries. Generally speaking, 
the nature of these deposits is determined by the local character of the adjoining lands 
and the nature of the organisms living on the neighbouring coasts in shallow water. 
The heavier materials brought by rivers from high terrestrial regions, or thrown up 
by the tides and waves of the sea, are here arranged with great diversity of strati- 
fication through the alternate play of the winds and waves. Twice in the twenty-four 
hours the littoral zone is covered by water, and exposed to the direct rays of the sun 
or the cooling effects of the night. There is a great range of temperature, mechanical 
agencies produce their maximum effects, and the whole of the physical conditions are of 
the most varied character, while the fact that the zone is inhabited by both marine 
and terrestrial organisms introduces still greater diversity. The evaporation of the 
sea- water that flows over marshes and shallow basins leads to the formation of saline 
deposits in this zone. 

Shallow-Water Deposits .— These deposits are laid down in the zone of the ocean 
comprised between low- water mark and the 100-fathom line; they cover, consequently, 
about ten millions of square miles of the earth’s surface. Fundamentally they have the 
same composition as the deposits of the littoral zone, with which they are continuous 
at their upper limit, while at their lower limit they pass insensibly into the Deep-Sea 
Deposits in the seaward direction. The fragments of which these deposits chiefly con- 
sist are smaller than those of the littoral zone and larger than those of the deep-sea 
regions. Gravels, sands, and coarse materials prevail, but in cup-shaped depressions and 
enclosed basins there are muddy deposits. While some of the deposits are wholly com- 
posed of inorganic debris derived from the disintegration of the adjoining lands, others 
are alm ost wholly made up of organic remains, as, for instance, in the vicinity of coral 
reefs. The mechanical effects of erosion are everywhere present, produced by the com- 
bined aetion of tides, currents, and waves, these being well marked in the shallower 
depths of the zone, and less and less so as the 100-fathom line is approached. There is 
a great range of temperature, varying with latitude and the seasons of the year. The 

1 About 200,000 kilometres. 2 About 160,000 square kilometres. 
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forms of vegetable and animal life are very numerous, the former being especially so 
in the shallower water where there is abundant sunlight. Zoologists have divided this 
region into several sub-zones, such as Laminarian, Cor allin e, and Coral zones. 

Deep-Sea Deposits . — The deposits of this vast zone or region extend from the 100- 
fathom line down to the greatest depths of the ocean, and they cover considerably more 
than one-half of the earth’s surface. Gravels and sands, which prevail in shallow water, 
are only accidentally met with in the deep-sea areas. Muds, organic oozes, and clays are 
the characteristic deposits, and in their physical properties they present great uniformity. 
In special regions where the surface waters are affected by floating ice a greater diversity 
is introduced from the varied nature of the transported materials. Tides, currents, and 
waves produce some mechanical effects at the upper limits of the deep-sea region, but on 
the whole there is an absence of the phenomena of erosion, and mechanical actions would 
appear to be absent except in the case of submarine eruptions. The depth is too great 
for sunlight to penetrate, and vegetable life, if present, is limited to the deposits near the 
100-fathom line. Animal life, on the other hand, appears to be present everywhere 
throughout the deep sea, being more abundant, however, in the shallower depths near 
continental shores. The temperature is below 40° F. throughout the larger part of the 
area, and if subject to variation with latitude or change of season, these changes affect 
only the depths immediately beyond the 100-fathom line. Throughout the whole 
region there is a very uniform set of conditions. In the shallow-water and littoral 
zones, owing to the rapid accumulation and the mechanical effects of transport and 
erosion, the effects of chemical modification are not apparent in the deposits, but in 
Deep-Sea Deposits, in consequence of the less rapid rate of accumulation, absence of 
transport, the nature and the small size of the particles, many evident chemical reactions 
have taken place, resulting in the formation in situ of glauconite, phosphatic and 
manganese nodules, zeolites, and other secondary products. As we descend from the 
100-fathom line into deeper water and approach the central regions of the great ocean 
basins, the deposits undergo a change, arising from a diminution in the number and size 
of particles derived directly from the land, together with an increasing abundance of 
amorphous matter arising from the ultimate decomposition of minerals and rocks, and 
accompanied in all moderate depths by an increase of the remains of pelagic organisms. 
We thus pass insensibly from those Deep-Sea Deposits of a terrestrial origin, which 
we call “ Terrigenous,” to those Deep-Sea Deposits denominated “ Pelagic,” in which 
the remains of calcareous and siliceous organisms, clays, and other substances of secondary 
origin, play the principal role. 

With these introductory observations on Marine Deposits in general, we now proceed 
to consider the special subjects of this Report, — the nature, composition, and distribution 
of Deep-Sea Deposits. 
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l . The Different Types of Deep-Sea Deposits. 

I. Pelagic Deposits. 

We have just indicated that the deposits of the deep sea may be divided into two 
great groups distinguished by the terms “ Pelagic ” and “ Terrigenous.” Pelagic deposits 
are situated at a considerable distance from land, and for the most part in the greatest 
depths of the ocean. It is only in exceptional circumstances that sandy or other particles 
immediately derived from the land make up any considerable portion of these deposits. 
The most characteristic minerals are derived from volcanic eruptions, floating pumice, 
or are of secondary origin formed in situ. The remains of pelagic organisms that have 
fallen from the surface form the principal part of many of these deposits, as indicated 
by the names : Pteropod, Globigerina, Diatom, and Radiolarian Oozes. In some of the 
deeper regions of the ocean these organic oozes are replaced by Red Clays, formed for 
the most part by the disintegration of rocks and minerals in situ. 

Generally speaking, the physical conditions in the areas occupied by the pelagic 
deposits are very uniform ; the temperature is near the freezing-point of fresh water, 
and the range never exceeds 7° F., being constant throughout the year at any one 
locality. Sunlight and vegetable life are absent, and, although animals belonging to all 
the principal groups are present, there is no great wealth either in the number of indi- 
viduals or of the species, though many of the latter may present archaic characters. There 
are but few indications of change of any kind, and the rate of accumulation of some of 
these pelagic deposits must be exceedingly slow, so that we apparently find the remains 
of Tertiary species lying on the sea-floor alongside those of species inhabiting our 
present seas. With some doubtful exceptions, it has been impossible to recognise in the 
rocks of the continents formations identical with these pelagic deposits. 1 

Before commencing the description of the different types of Deep-Sea Deposits, it may 
be well to repeat that while it is easy to distinguish one kind of Deep-Sea Deposit from 
another when dealing with typical samples, this becomes less and less easy when, with a 
change of conditions, a deposit gradually changes its characters and slowly assumes those 
of another. In this way it happens that there is at many points in the ocean a gradual 
transition from the one type of deposit into another, and generally it may be said that 
there is no sharp and distinct line limiting the areas occupied by the various kinds of 
deposits either in depth or geographical extension, as might be supposed from an 
examination of our map representing the distribution by means of colours, 

We co mm ence the consideration of pelagic deposits, taking first the most characteristic 
type, — the clays formed in' the greatest depths and greatest distance from dry land. 

1 J. B. Harrison and A. J. Jukes-Browne, The Geology of Barbados (published by authority of the Barbadian Legis- 
lature), 1890 ; H. A Nicolson, Trans. Edin. Geol. Soc., vol. vi. p. 56, 1890 ; G. J. Hinde, Awn. and Mag. Nat. Hist., 
ser. vi. vol. vi. p. 45, 1890. 
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Red Clay. 

This deposit is spread over the greater depths of the ocean remote from land ; it is 
the most widely distributed and probably the most characteristic of all the Deep-Sea 
Deposits. The nature and origin of this Red Clay has been the subject of much 
discussion and speculation ever since the deposit was first discovered in the Atlantic by 
the Challenger naturalists in depths exceeding 2400 fathoms, on the voyage between 
Tenerife and the West Indian Islands. It was at first believed to be the most minutely 
divided material, the ultimate sediment, so to speak, produced by the disintegration of 
the land, which, held in suspension in sea-water, was distributed to great distances 
by ocean currents. In 1874 Wyville Thomson expressed the opinion that the Red 
Clay was primarily of organic origin, being “ essentially the insoluble residue, the ash, 
as it were, of the calcareous organisms which form the Globigerina ooze, after the 
calcareous matter has been by some means removed.” He further suggested “that 
clay, which we have hitherto looked upon as essentially the product of the disintegration 
of older rocks, under certain circumstances, may be an organic formation like chalk,” 
and that the fine smooth homogeneous clays and schists familiar to the student of 
palaeozoic geology had an origin similar to that of the Red Clay. 1 These views were 
subsequently supported by Professor Huxley and other writers. 2 In 1877 John Murray 
published his reasons for believing that the clayey matter in Marine Deposits far from 
land is principally derived from the decomposition of aluminous silicates and rocks spread 
over the oceanic basins by subaerial and submarine eruptions,® and this view will be the 
one adopted in the present work, although M. Renard is inclined, to attribute a more 
important role to submarine eruptions than is admitted by Murray. Colloid clayey 
matter coming in suspension from the land may, it is admitted, play some part in the 
formation of this deposit. 

In the Tables of Chapter II. there are 70 of the samples procured by the Expedition 
described under the head of Red Clay. In depth these range from 2225 fathoms at 
Station 259 to 3950 fathoms at Station 238, the average depth being 2730 fathoms. 

The name Red Clay is retained not only on account of its historical interest, but 
because it appears sufficiently expressive of the nature and appearance of the deposits 
included under the appellation. The amount of clayey matter and the colour vary 
greatly in different samples, but the hydrated silicate of al umina is always present, so as 

1 Proc . Roy. Soc ., vol. xxiii. p. 47. 

2 Huxley, Manual of the Anatomy of the Invertebrated Animals , London, 1887; see also Nature, vol. xi. pp. 95, 116; 
vol xii. p. 174. 

8 “On the Distribution of Volcanic Debris over the Floor of the Ocean,” &c., Proc. Roy . Soc . JEdm ., vol. ix. pp. 
247-261. Wyville Thomson (Voyage of the Challenger, “Atlantic,” vol. ii. p. 299) allows that these volcanic 
materials form an important element in the Red Clay, but he still holds that the source he originally suggested has 
contributed no inconsiderable share towards the formation of this deposit. [Subsequently, however, he abandoned the 
view that calcareous shells contained silicate of alumina. — J. m.] 
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to give to the sediment a more or less clayey character, and red is the prevailing colour. 
In the North Atlantic and some other regions the colour is brick-red from the presence 
of peroxide of iron intimately mixed with the clay, which often covers the minute mineral 
particles with a red coating. In the South Pacific over large areas and in the Indian 
Ocean the deposit assumes a dark chocolate colour, from the presence in great abundance 
of very minute round grains of peroxide of manganese. 1 It sometimes happens that the 
deposit has a bluish, rather than a red, tinge ; this is the case when the specimen is from a 
region adjacent to a continent where large rivers throw their detrital matter into the ocean, 
and the colour is largely due to the presence of sulphide of iron and organic matter, as in 
the characteristic Blue Muds. When the carbonate of lime in the sample reaches 20 or' 
25 per cent, the colour becomes grey from the admixture of the white Foraminifera shells, 
although the residue on removal of the carbonate of lime has a distinct red colour. It 
was to specimens of this nature that the name “ Grey Ooze ” was applied by Murray and 
Thomson in the preliminary reports on the results of the Challenger Expedition.* The 
immediate upper layer when brought up in the dredge or sounding tube is thin, watery, 
and often has a lighter colour than the deeper layers, which are much more dense. 
It occasionally happened that the sounding tube penetrated nearly two feet into the 
deposit, and in such cases the lower end of the tube was filled with a very stiff, hard, 
compact clay. Sometimes there was considerable difference in colour and chemical 
composition between the different layers — usually depending on the greater or less per- 
centage of carbonate of lime present. In the North Pacific the upper or surface layer was 
generally darker than the under layers, but this was not the case in the other regions.. 
In some places the deposit had a mottled appearance, there being some spots where the 
red or chocolate colour was discharged and the clay had assumed a yellow colour. A 
mottled appearance is sometimes, however, due to the presence in great abundance 
of small manganese nodules and grains of pumice, or of altered volcanic glass and rocks. 

Like clays in general, the Bed Clay is soft, plastic, and greasy to the touch ; it can 
readily be moulded into any form between the fingers after the manner of dough. It 
exhales when breathed on the peculiar odour of clay. Like all clays containing iron it 
generally becomes redder when burned ; it sticks to the tongue when dry, and requires a 
great heat to render it perfectly free from water. When dried it cakes into a hard com- 
pact mass that can only be broken with the blow of a hammer or other hard instrument. 
Should the hardened fragments be placed in water they break down slowly, as is the case 
with other clays. A fragment placed before the blow-pipe will fuse into a black, often 
magnetic bead, behaving in this respect like the variety of clay known by the name of 
“ felspathic mud this property may be attributed to the minute volcanic mineral 
particles which are always present in varying proportions. If one of these half-dried 
lumps be rubbed briskly with the back of the finger-nail or any hard, smooth body, the 
1 See Pl. XXII. fig. 1. 2 Proc. Roy. Soc voL xxiii. pp. 32-49, 1874. 
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surface assumes the glazed appearance and characteristic shining streak peculiar to all the 
varieties of clay. 

In the great majority of cases the Red Clay presents a homogeneous appearance to the 
naked eye and is smooth and soapy to the touch, but not un frequently there are numerous 
pellets of peroxide of manganese, zeolitic crystals, fragments of pumice and minerals, 
which if they be not visible to the naked eye can be readily detected by the gritty feeling 
when the deposit is passed between the fingers. Although as a rule homogeneous when 
examined in small quantity, still if examined in masses the layers of Red Clay would 
undoubtedly present a very heterogeneous character, although the paste or matrix might 
appear homogeneous, for in some regions of the South Pacific thousands of sharks’ teeth, 
bones of Cetaceans, large and small fragments of pumice, and other volcanic materials, are 
imbedded in the deposit, together with manganese nodules formed around these remains, 
or having other substances as nuclei. In all the red clay regions the dredge gave 
evidence that occasionally one or other of these foreign matters was present in considerable 
abundance, and at Station 281 there was evidence of a thin layer of true volcanic ashes. 1 

The basis or permanent substratum of the deposit is the hydrated silicate of alumina 
(2Si0 2 ,Al 2 0 3 + 2H 2 0), composed of colourless amorphous particles without crystallo- 
graphic outlines or trace of mechanical action, behaving as isotropic between crossed 
nicols. Lite all ordinary clays, however, it is impure from the admixture of foreign 
substances, the hydrated silicate of alumina never mating up even in the purest samples 
more than one-half of the deposit, and generally much less, as shown by the analyses. 
It is well known that a pure clay is only found in those cases where it has been 
transported: clay formed in situ is never pure ; it always contains an admixture of the 
different minerals, or of decomposition products, of the altered rocts, from which the clay 
has had its origin, and the greater part of the materials of a Red Clay from the deep sea 
appears to have originated in this way. 

When a specimen of Red Clay from the greatest depths of the ocean is treated with 
dilute hydrochloric acid, either no points of effervescence are observed, or at the most 
only a few isolated spots, and chemical analysis does not show more than 1 or 2 per 
cent, of carbonate of lime to be present. A microscopical examination in such cases will 
sometimes show a few broken fragments of pelagic Roraminifera. An examination of 
specimens from lesser depths in the same region will, however, reveal a considerable 
number of these calcareous organisms, and they may be sufficiently abundant to make 
up 20 per cent, of the whole deposit. The carbonate of lime present in the Red Clay 
consists principally of the remains of calcareous organisms which live in the surface 
waters of the region from which the specimen has been collected, and among these 
pelagic Roraminifera are the most abundant, such as species of GHobigerinu, Puhinulina, 
Sphasroidina, and Pullenia, together with a few Coecoliths or Rhabdoliths. To these 

1 See PL XXI. fig. 2. 
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may be added a few bottom-living Foraminifera, snob as Miliolina, Textularia , and 
others, with remains of Echinoderms, Molluscs, and a few teeth of fish and Cephalopod 
beaks. It is very seldom, if indeed it ever happens, that the shells of Pteropods, 
Heteropods, and Coccospheres are found in a characteristic Red Clay from the deep sea. 

In the above 70 samples Globigerinidse are represented in 43 cases, bottom-living Fora- 
minifera (Miliolidse, Textularida?, Lagenidse, Rotalidse, Nummulinidse) in 34 eases, teeth 
of fish in 34 cases, Echinoderm fragments in 22 cases, Ostracodes in 10 cases; Lamelli- 
branchs, Gasteropoda, Brachiopods, otoliths of fish, Polyzoa, Cephalopod beaks, and bone 
fragments are more sparingly represented, while remains of Pteropods, Coccospheres, 
Coecoliths, and Rhabdoliths occur in a few exceptional cases. 

The carbonate of lime in these Red Clays ranges from 0 in 13 cases, and traces in 21 
cases, to 28 ‘88 per cent, at Station 30, in 2600 fathoms — the average percentage of car- 
bonate of lime in these 70 samples being 6 '70 per cent. The relation of the carbonate 
of lime to depth is shown thus — 

18 samples from 2000 to 2500 fathoms contain on the average 8*39 per cent. CaCO s 
42 „ 2500 to 3000 „ „ 716 ' „ „ 

7 „ 3000 to 3500 „ „ 0’88 „ „ 

3 „ over 3500 „ „ 2*38 

One doubtful sample from 3875 fathoms, where there was almost certainly an ad- 
mixture of carbonate of lime from another station, causes the rise in the last subdivision 
over 3500 fathoms ; otherwise the carbonate of lime would be represented merely by 
traces at these depths. 

The remains of pelagic organisms with siliceous shells, skeletons, and trustifies, are 
widely distributed in the Red Clay areas, though occasionally they would appear to he 
entirely absent from the deposits of these regions. When the Radiolarian remains 
increase in number so as to form a very considerable portion of the deposit, as in some 
tropical areas of the Pacific and Indian Oceans, the Red Clay passes into Radiolarian 
Ooze ; when the Diatom remains in like manner increase, as in the Southern Ocean, the 
Red Clay passes into a Diatom Ooze, and in other regions into a G-lobigerina Ooze, or 
Blue Mud. The siliceous spicules of Sponges are found sometimes sparingly, some- 
times in considerable abundance, in nearly all samples of Red Clay. 

The mean percentage of siliceous organisms is 2*39. Radiolaria were observed to be 
present in 61 cases, Sponge spicules in 49 cases, Diatoms in 32 cases, arenaceous 
■ Foraminifexa (Astrorhizidse, Lituolidee, Textularidse) in 49 cases, and glauconitic casts of 
calcareous organisms in 2 cases. 

According to the Challenger researches, life appears to be universally distributed over 
the floor of the ocean, but to be much less abundant on the red clay areas than on any of 
the other kinds of Marine Deposits, and apparently to reach its zero in the greatest depths 

(deep-sea DEPOSITS CffALL. EXP. — 1890.) 25 
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far from land. Even in the greatest depths, however, the remains of arenaceous 
Foraminifera and Annelids are to be found, while fishes and representatives of nearly 
all the invertebrate groups, such as Hesactinellida, Monaxonida, Asteroidea, Echinoidea, 
Crinoidea, Actiniaria, Polyzoa, Ophiuroidea, Holothurioidea, Tunicata, and Lamelli- 
branchiata, have been dredged and trawled from the red clay areas. The fragments 
of all the hard parts of these organisms may be met with sparingly in specimens of Red 
Clay, but not in nearly such abundance as might be expected. 

When there are no remains of calcareous organisms in a Red Clay, or when in the 
laboratory these have been removed by dilute hydrochloric acid, the deposit or resulting 
residue is found to contain, in addition to the hydrated silicate of alumina and the 
remains of siliceous organisms above referred to, a large number of inorganic elements 
of a varied nature, derived from widely different sources. In the : above-mentioned 70 
samples, the average percentage of residue is 93-30. The most constant and widely dis- 
tributed of these extraneous materials are fragments of pumice belonging to the acid 
neutral, and basic types o'f volcanic rocks. Rounded and angular fragments of these 
were dredged and trawled in great numbers from all depths, and in nearly all regions 
of the ocean, varying in size from masses larger than a man’s head down to the minutest 
particles. These were met with in all states of disintegration, some having undergone 
little decomposition, while others were surrounded by zones of alteration, or were so 
decomposed that the structure of the areolar pumice could with difficulty be recognised • 
is was especially the case when the fragments were surrounded with a coating of 
peroxide of manganese or formed the nuclei of manganese nodules. 1 All the mineral 
species usually found m the different varieties of pumice are accordingly present in the 

. aj ’ S " C ^, aS ® anidine » Plagioclase, augite, hornblende, magnetite, &c., and these 
together with the gkssy splinters and fragments of the pumice, are universally present 
and characteristic of these deposit, Palagonite, which arises from the decompoTt on 

1? r^ 10 ^ 8868 ^ 11 ^ universally distributed, and in some regions of 

Th e peroffides^ of 1 fron 6 ^™ erous fra ^ s * basaltic glass, basalt, and augite-andesite.* 

, J? . . f and m anganese are found throughout the Red Clays in the form 

minute grams or coatings, sometimes one of these oxides and sometimes the other 
precomma mg, each giving its characteristic tint to the deposit. When these oxides 
am deposited as concretions around organic remains and other nuclei, they“ h e 

where th! (Th nodules > especially abundant in those red clay deposits 

Minute bk f riS ° f baS1C V ° 1CaniC r ° CkS are Present aDd haye u ^ergone great alteration 3 

particles, a cosmic origin, are probably everywhere present 


* &eH y ’xvT'4^i5: H xVTt 1 '^' PP ’ 249_252 ’ 1877> 


. 1-4; PI. XIX. figs. 1, 2, 4; PL XXI. figs. 1, 2. 
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in Deep-Sea Deposits, though they are much more abundant in some of the red clay 
regions than in other deposits. 1 Dr Gibson has shown that the manganese nodules from 
these Bed Clays contain a very large number of the rarer metals.® 

Besides the constituents that have just been enumerated, which must be regarde4 as 
characteristic or essential components of a Bed Clay, there are others to be noted that are, 
accidental or exceptional. In the Atlantic off the western coasts of Northern Africa, it, 
is well known that the Harmattan winds carry at certain seasons of the year large 
quantities of dust far out into the Atlantic Ocean, and in the Bed Clays of this region 
these wind-borne particles make up a very appreciable portion of the deposit. In like 
manner the wind-borne particles from the desert regions of Australia can be traced in 
the red clay deposits to the west and south of that island continent. 8 There are many 
well-observed instances of volcanic ashes from subaerial eruptions having been carried 
immense distances by the winds before they fell upon the land or the ocean, and we find 
evidence of these in pelagic deposits. It is in every way probable that similar eruptions 
take place under water, and the ashes therefrom are in like manner widely distributed 
over the floor of the ocean. 4 We have some excellent examples of these showers of ashes, 
whether from submarine or subaerial sources, on the red clay areas. One of these is 
figured in PI. IY. fig. 3, where the coarser particles have fallen on the Bed Clay with 
manganese nodules, and these again have been covered with finer and finer layers of the 
same materials, the whole being solidified into a compact mass, which subsequently has 
undergone great alteration. 6 

Among the secondary products arising from the decomposition of the basic volcanic 
rock-fragments present in these deposits are zeolitic crystals resembling phillipsite in all 
essential particulars, these being especially abundant in some Bed Clays from the South 
Pacific and Indian Oceans. 6 

Wherever the surface waters of the ocean are affected annually, or occasionally at 
long intervals, by floating ice, the icebergs bear a variety of mineral matters from the 
land of colder latitudes to great distances, and ultimately falling to the bottom they 
form part of the Bed Clay and other deposits in great depths. These ice-borne fragments, 
consisting of quartz, felspar, green amphibole, epidote, zircon, tourmaline, &c., and frag- 
ments of ancient continental rocks, such as granite, mica-schist, <fcc., can be traced in the 
deposits of the Southern Ocean north of latitude 40° S., and in the Western North 
Atlantic they are widespread as far south as the latitude of the Azores. 

In the great majority of the typical Bed Clays the size of the mineral particles ranges 
from 0-i to 0*85 mm. in diameter, and particles of this size do not as a rule make up more 
than 1 or 2 per cent, of the whole deposit. It occasionally happens that particles larger 
than 0‘05 mm. in diameter do not make up as much as 1 per cent, of the deposit. On 

1 See PL XTTTT. a See Appendix II. " * See PL XXVIII. fig. 2. 

4 See Pl. XXVI. figs. 2-4 ; PL XXVII. figs. 2, 3. 6 See also Pl. XXI. fig. 2. * See PL XXII. figs. 1-4. 
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the other hand, in some areas the unaltered splinters of pumiee, the fragments of volcanic 
ashes, and minerals from floating ice, may augment considerably in size and abundance 
and make up 20 per cent, of the deposit. One of the great characteristics of the Red 
Clay, however, is that the mineral particles over 0*05 mm. in diameter are few in 
number, and these have generally undergone alteration. The extreme fineness of the 
mineral particles, indeed, permits the relatively small quantity of pure clay to give a much 
more plastic character to the deposits than if these particles were of large size. 

The mineral particles 1 in the Challenger samples of Red Clay make up on an average 
5*56 per cent, of the whole deposit; they are generally angular, being recorded as 
rounded and angular in eight eases and rounded only in one case, and have a mean 
diameter of 0*08 mm. They are mentioned as occurring in the following order of 
abundance: — magnetite (in 62 cases), manganese grains and fragments (55), felspar 
(53), glassy volcanic particles (45), augite (48), pumice (34), manganese nodules (32), 
pellets, pieces, and nodules of pumice (31 2 ), hornblende (31), palagonite (22), quartz 
(21), plagioelase (20), mica (19), phillipsite or zeolitic matter (10), cosmic spherules (8), 
sanidine (7), scoriae (6), glauconite (6), olivine (5), lapilli (5), rock fragments (5), zircon 
(3), tourmaline (3), epidote (2), garnet (l). 

The . Challenger trawlings and dredgings obtained sharks’ teeth in 1 1 cases, and ear- 
bones and other bones of Cetaceans in 6 cases. 

It has been stated that in marine deposits the species of unaltered particles of minerals 
with a diameter of not more than 0'02 mm. can in many cases be determined (see p. 25), 
and the fragments of pumice even less than that can also be recognised, but the particles of 
this size are usually very intimately associated with the clay of the deposit, and generally 
pass away in decantation with the impalpable matter, which we have denominated “ fine 
washings.” These fine washings consist essentially of the hydrated silicate of alumina, 
mixed with an immense number of recognisable and unrecognisable particles of min ute 
dimensions, derived from all the other materials which combine to form the deposit, such 
as minerals, Diatoms, and Radiolarians. It is quite natural to conclude that the min eral 
particles, mixed with the clayey matter in the fine washings, are of the same nature as 
those of larger size which can be identified, and that quartz, felspar, &c., may be present 
in a very fine state of division as ultramicroscopic bodies, but this cannot be made out 
with the microscope, chemical analysis only gives an indication. 3 

1 See PI. XXVI. figs. 2-4 ; Pl. XXVII. figs. 2, 3. 2 In five cases distinctly stated to be covered by manganese. 

s It is known that clay has the power not only of absorbing and of retaining certain liquids, but that it even 
possesses a similar property in the case of certain solids of very small dimensions. If, for example, clay be agitated in 
water, microscopic grains of carbonate of calcium and particles of an organic nature will remain, in suspension as long 
as the water is agitated, but as soon as the water is at rest these are deposited. These particles are thoroughly pene- 
trated by the water, and form a colloid gelatinous mass ; the particles are found to be in contact, and so attached the 
one to the other that it is not possible by the agitation of the water to detach them. This mutual attraction or 
interpenetration takes place not only with particles of the same nature, with clay for example, but in the case of clay 
with hydrated peroxide of iron, clay with chalk, clay with organic particles, so that it is difficult, if not impossible, to 
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The mean percentage of fine washings in the 70 samples of Eed Clay is 85*35 ; the 
following table shows the relation between depth and percentage of fine washings : — 

18 samples from 2000 to 2500 fathoms, . 8Q-44 mean per cent, fine washings. 

42 „ 2500 „ 3000 „ . 8580 ,, „ „ 

1 „ 3000 „ 3500 . „ . 95*28 

3 „ over 3500 „ > 80-28 1 „ „ „ 

The following table shows the average composition of the Challenger samples 
of Eed Clay. It will be noticed that what we have called fine washings make up by far 
the larger part of the deposit, and it may be stated that the examination of many 
samples from other expeditions has yielded very similar results : — 


Carbonate of Lime, 


Residue, 


Pelagic Foraminifera, . 
Bottom-liying Foraminifera, 
Other organisms, 

f Siliceous organisms, . 
Minerals, . . . . 

Fine Washings, 


4-77 

0- 59 

1- 34 


2-39 

5-56 

85-35 


6-70 


93-30 


100-00 


Having thus pointed out the general results arising from a careful macroscopic and 
microscopic examination and analysis of a large number of Red Clays from many 
different regions of the ocean, it now remains to inquire how far these are confirmed and 
supported by chemical analysis. It seems rather unnecessary to dwell upon the difficulties 
connected with the interpretation of chemical analyses of mixed substances, of altered 
minerals, and of amorphous matters without any determinate composition like those 
which make up the greater part of Deep-Sea Deposits ; there cannot be a discussion of the 
analytical data in the same sense as if, for example, we had to do with an analysis of a 
crystalline rock. But when we take into account the data furnished by macroscopic and 
microscopic examination, we are able notwithstanding to draw some conclusions from the 
analyses of these deposits. 

The following table is compiled from the analyses made by the late Professor Brazier, 
as previously stated. 2 The various deposits were submitted to the action of hydrochloric 
acid, and the portion dissolved in the acid was analysed separately ; the residue of this 
operation was afterwards treated with solvents, hence we divide the analytical tables 
into two divisions, the first containing the data relating to the part soluble in hydro- 
chloric acid, the second those referring to the insoluble portion. 

separate these matters by decantation ; hence arises in part the heterogeneity of these fine washings (see E. W. Hilgard, 
“ On the Flocculation of Particles,” &c., Arm\ Journ . Sci., ser. iii vol. xvii. p. 205, 1879 ; F, Senft, Die Thonsubstanzen, 
p. 41, Berlin, 1879). 

1 See p. 193 about sample from 3875 fathoms. 2 Chap. i. p. 28; for details of analyses, see Appendix I, 




Nos. 1, 2, 5, and 17 are of material obtained from the dredge ; Nos. 12, 14, 19, 22, and 23 from the trawl ; No. 16 from tow-net at dredge; the rest from the sounding tube. 
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If we take into account the methods followed by Professor Brazier in making these 
analyses 1 we should expect to find all the clayey matter under the heading, “ Portion 
soluble in Hydrochloric Acid.” He treated the deposits with hydrochloric acid, evaporated 
them to dryness and re-dissolved them as far as possible ; the insoluble residue was, after 
weighing, treated with boiling caustic potash, and so much of the residue as was then 
dissolved was looked upon as silica of easy combination, and classed along with the bodies 
soluble originally in hydrochloric acid. It is evident that the silica with alumina and 
iron remaining insoluble in the potash was simply indecomposable quartz or silicates. 
After such a treatment the clayey matter should pass entirely into solution, and to 
estimate the quantity of this substance we have merely to take account of the data 
given in the columns showing the substances soluble in hydrochloric acid. It must be 
remembered, however, that a certain part of the alumina indicated in the soluble portion 
does not exist as argillaceous matter in the deposit, but comes from the action of the 
acid and caustic potash upon the aluminous silicates and rocks present in the Red Clay. 
It has been pointed out that these fragments of rocks and minerals are often highly 
altered, of very small dimensions, and must necessarily have been partially attacked by 
the strong reagents used in this method of analysis. It follows then that the figures 
representing the alumina in the column of soluble substances are too high, if regarded as 
coming exclusively from matter existing in the form of clay. 

The first conclusion arrived at after an examination of the general results presented 
by the analyses, is the great variety of chemical composition in the deposits comprised 
under the head of Red Clay. This was already indicated as the result of macroscopic and 
microscopic examination, but is proved in a very clear way by the figures showing the 
percentages of matters soluble and insoluble in hydrochloric acid, which vary in each one 
of the specimens analysed, and show, moreover, that argillaceous and other matters 
must be present in variable proportions. If we consider the soluble portion, which 
should give data for estimating the quantity of clay, and take as a point of departure the 
formula (Al 2 0 a ,2Si0 2 ,2H 3 0), which is that of pure clay, we find that there is always excess 
of silica. This is the case even in Station 19, 3000 fathoms, where the alumina is 
represented by the highest figures ; admitting that all the alumina is here in the form of 
clay, we obtain 6 '81 per cent, excess of silica. However, as has been already stated, this 
relatively small quantity of clay suffices to give to a deposit formed of very small particles 
a decidedly plastic and argillaceous character. 2 The excess of silica can be explained, 
as we have already indicated, by the presence in the deposit of the siliceous remains of 
Diatoms, Radiolarians, and Sponges, and probably also from silicic acid in the hydrated or 
•colloid form which is probably always present when clay is forming, still the excess must 

1 See chap. i. p. 28. 

2 In some analyses of clays from the geological formations, presenting all the characteristics of clay, the total 
amount of alumina is very low; we may quote the plastic clay of Offenbach (14*65 % A1 2 0 3 ), “ Tegel” of Baden (12*64 %), 
Oligocene clay of Hillscheid (14*06 %), Wealden clay of Salzbergen (14*51 %), Devonian dolomitic clay of Quistentbal 
(11*09 %). See J. Roth, Allgemeine und chemische Geologie, Bd. ii. p. 583, Berlin, 1887. 
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likewise necessarily come from the decomposition of certain silicates under the action of 
the acid in the analyses, for instance, from the zeolites, the altered volcanic minerals, 
glasses, and lapilli. A part of the water shown in the column under the head of loss on 
ignition must also be regarded as belonging to the constitution of clay, another part to 
hydrated oxide of iron, and to the decomposed volcanic rocks present in the deposit, 
especially hydrated glasses, of which palagonite is the most constant, and a third part 
must be referred to the organic substances present. 

The percentage of oxide of iron in the soluble portion is very variable, but is occasionally 
present in greater quantity than the alumina, and shows, as the microscopic examination 
had already done, that we are dealing with a ferruginous clay. The ferric hydrate is 
the pigment that colours the clay in the majority of cases, as the hydrated peroxide of 
manganese does in some special regions. "We can indeed by the aid of acids remove these 
two substances, and thus decolorise the clay. Although in clay iron replaces alumina in 
many cases, still it appears from the results of microscopic examination that here at least a 
considerable portion of the hydroxide of iron exists in a free state in the Red Clay, or 
intimately mixed with manganese as is generally the case in Deep-Sea Deposits. 

The carbonate of calcium is present for the most part in the form of shells and 
skeletons of organisms ; the proportion is, however, reduced to a minimum in the Red 
Clays and Radiolarian Oozes, if a comparison be made with most of the other Deep-Sea 
Deposits. As to the carbonate of magnesium indicated in all the analyses, it might be 
that a part came from the debris of organisms where it would be in isomorphic mixture 
with carbonate of calcium, but the percentage of carbonate of magnesium appears to be 
proportionally too high to that of the carbonate of calcium to admit this interpretation. 
It seems therefore probable that the carbonate of magnesium comes from the sulphate 
of magnesium contained in the sea-water acting on the carbonate of calcium and replacing 
a part of this carbonate which forms the debris of organisms deposited on the floor of the 
ocean. In this case we should have an incipient dolomitisation. 

The sulphate of lime present in all the analyses doubtless comes from the 
sulphate of lime contained in sea-water, which impregnates the deposit when freshly 
collected, and is precipitated with great facility from sea-water when the deposit is placed 
in alcohol; large crystals of this substance are formed in this way in the bottles in which 
the deposits were preserved with a small quantity of spirit. It seems well to remember 
that in the interpretation of all analyses of Deep-Sea Deposits, we have always to take 
account of the facility with which certain sea-salts are retained in clayey matter. One of 
the striking properties of this substance is to absorb with avidity and to retain sea- water 
and its salts ; to such an extent is this the case that they are difficult to remove even after 
repeated washings. In the case of a G-lobigerina Ooze we have made some experiments 
bearing on this point, and have shown that after repeated washings with cold water the 
deposit retained more than 1 per cent, of alkalies not combined with sedimentary materials. 
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With reference to the percentage, often rather high, of phosphate of lime, it must 
be referred to the remains of organisms, such as teeth of fish, bones of Cetaceans, and 
sometimes to small concretions of phosphate of lime, which are met with in some of the 
deposits; we know from the analyses of clayey matters that phosphates are generally 
present in these substances. The phosphate of lime may also be due to the pseudomorphic 
interchange between carbonate of lime and soluble salts of phosphoric acid. 

Manganese, which is one of the most constant elements in the Red Clay, is not shown 
in all the quantitative analyses, but the pyrognostic reactions show its presence every- 
where, and it forms in these deposits, along with iron and earthy matters, the ill-defined 
variety known by the name of wad, and is associated with' nickel, cobalt, and barium, 
and nearly all the rare metals, as shown by Dr. Gibson’s analyses. We will return to this 
subject when dealing with the manganese nodules and their mode of formation. 

Regarding now the insoluble part of the deposit, it will be seen that here too there 
is an excess of silica It is not possible to explain this excess by the presence of the 
siliceous remains of organisms, for these do not resist the action of caustic potash. In 
certain eases the presence of quartz must be admitted, for the quantity of bases is not 
sufficiently high, but these grains of quartz do not belong normally to the Red Clay 
which is much more generally due to the decomposition of volcanic materials, in which 
quartz is relatively rare or absent. We have seen that special conditions, such as 
atmospheric currents and glacial phenomena, may serve to account for the presence of 
quartz in certain regions where Red Clays are in process of formation. The microscopic 
examination of the Red Clays has shown the presence in these deposits of orthoclase, 
plagioclase, and bisilicates, which contain variable proportions of lime, magnesia, alumina, 
iron, and manganese ; these substances appear in the analyses as the insoluble portion, 
and must be in the form of anhydrous silicates. The percentage of the alkalies not 
having been determined, and the presence of volcanic glasses, render it impossible to 
estimate the relative abundance of the different minerals. The analyses, however, confirm 
what has been said as to the presence of silicates and silicated rocks in the sediments. 


A second series of analyses, made according to the methods pointed out on pages 27 
and 28, is tabulated here, the results of which, it will be seen on examination, approach 
those obtained from the preceding analyses. 
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9 

3160 

24 

56-89 

... 

20-28 

10-02 



1-31 

2-56 

1-91 

0*81 

6-72 

100-50 

29 ' 

2700 

25 

42-15 

9-82 

20-27 

7-06 

... 

... 

13-22 

2-15 . 

1-12 

■ 0-72 

3-75 

100-26 

281 

2385 

26+ 

43-32 

• «« 

13-96 

17-50 

4-36 


5-96 

5*89 

1-66 

174 

6-41 

100-80 

286 

2335 

27 

39-10 

1'50 

15-40 

17-93 


| 575 

8-37 

2-37 

1-27 

1-40 

8*89 

101-98 


* Traces of barium, manganese, and phosphoric acid. t In No. 26 the finer parts had been washed away. 

(deep-sea deposits chall. exp. — 1890.) %% 
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The origin of the clayey materials, and. the products of the decomposition of the rocks 
and minerals spread over the floor of the ocean, ■will be discussed in detail later on, hut 
from what has been stated above it ■will be evident that the Red Clay must be regarded 
as essentially a ehemieal deposit universally distributed in the ocean basins, but only 
appearing with its typical characters in the greatest depths far from continental land. 
Microscopic examination and chemical analysis have shown that volcanic rocks and 
minerals are to be found everywhere distributed, in oceanic formations, and that in many 
regions the most frequent among these belong to the basic series all containing alumina. 
It is known that these very rocks— basalts, andesites, &c. — give by their decomposition 
argillaceous matters, so that we are led to conclude that this clayey deposit is chiefly the 
result of the decomposition in situ of these substances, as will be shown at greater length 
in Chapters V. and VI. 

Even admitting that chemical decomposition at the bottom of the sea is not more 
active than at the surface of the continents, the rocks and mineral fragments would 
undergo much the same alterations at the bottom of the sea as on the surface of the 
terrestrial masses, where silicates and aluminous rocks are observed to be decomposed 
under the influence of water, and transformed into clayey materials, almost always 
mixed with the other products of decomposition of the rocks and silicates, giving origin 
to clay. These reactions taking place in the greater depths at the bottom of the sea, 
where the waters are not subject to any rapid movements, the products of decomposition 
are not transported to great distances, as is the case on the continents, and therefore, 
as has been already stated, these clays must be impure. The diffusion can not, moreover, 
be very rapid, and the chemical bath can act in a slow and constant manner on the 
solid materials with which it is in contact. Without entering here into the discussion of 
the question, we seem justified in regarding the greater part of the fine material, as well 
as the zeolites and nodular masses, of the red clay deposits as having been formed in situ 
through chemical action. This result, as will be shown, is not out of harmony with what 
we know of the distribution of the material borne down to the ocean from the land. 

As far as our knowledge at the present time extends. Red Clay would appear to be the 
most extensive of all Marine Deposits, being estimated to cover about 51,500,000 square 
miles, or more than one-fourth of the total area of the glohe, as will be seen by an inspection 
of the accompanying map (Chart 1) showing the distribution of Marine Deposits. 

In the Atlantic the area occupied hy Red Clay is much less than that occupied by 
G-lobigerina Ooze, being estimated at about 5,800,000 square miles. It is found in five 
detached areas — two in the North Atlantic, one in the eastern, the other in the western 
portion of the basin, separated by the Dolphin Ridge ; three in the South Atlantic, two 
some distance off the South American coast, the other off the African coast, separated hy 
the Challenger Ridge running north and south towards the centre of the South Atlantic 
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basin. The Eed Clay of the Atlantic is usually of a reddish colour, the dark chocolate- 
coloured variety, with its zeolitic crystals formed in situ, found in the Pacific and also in 
the Indian Ocean, not having been met with in the Atlantic. 

In the Indian Ocean, again, the area covered by Eed Clay is less than that covered 
by Globigerina Ooze, being estimated at 4,900,000 square miles. It is found to extend 
from off the western shores of Australia and the East Indian Islands, south of the equator, 
across the ocean towards Madagascar, reaching also to a small extent into the Southern 
Ocean to the south and west of Australia. In the North Indian Ocean there is a small 
detached patch in the deep water of the Arabian Sea, between the Maidive and Laccadive 
Archipelagoes and the coast of Africa. 

In the Pacific the Red Clay attains its most typical and most extensive development, 
covering by far the greater portion of the sea-bottom. Its area is estimated at about 
40,800,000 square miles. The whole of the deep water of the eastern portion of the 
Pacific basin is occupied by Eed Clay, and it extends more or less uninterruptedly over 
the western portion, approaching the shores of Japan in the north and of New Zealand in 
the south. It covers also a considerable tract in the Southern Ocean, where there is a 
detached area situated some distance off the coast of Chili. There are several detached 
patches occupying the deeper water between the various groups of islands of Oceania, 
viz., two small areas in the Coral Sea between the New Hebrides and the north-east coast 
of Australia ; another between New Caledonia and New Zealand ; another between the 
Solomon Islands and the Marshall and Gilbert groups ; another between the north coast 
of New Guinea and the Caroline group, a considerable area in the deep water between 
the Philippines, Japan, Bonin Islands, Ladrone Islands, and Pelew Islands ; a consider- 
able area is also found between Australia and New Zealand, extending into the Southern 
Ocean. 


Badiolarian- Ooze. 

This deposit, like the Red Clay, is confined to the greater depths of the ocean, 
indeed, as will be presently pointed out, it has a greater average depth than the Red 
Clay. The name was adopted during the cruise of the Challenger by Mr. Murray for 
those deposits which, while resembling Eed Clays in most respects, differ from them 
in containing a much larger number of Eadiolarian shells, skeletons, and spicules, together 
with Sponge spicules and the frustules of Diatoms. There is in short little, if any, 
difference between these deposits and Eed Clay, except what may he attributed to the 
■greater or less abundance of these remains of siliceous organisms. The colour is red, 
chocolate, or occasionally straw coloured ; it is less plastie than the Eed Clay, at least 
the typical examples are so. The peroxides of iron and manganese are everywhere 
present, as are also fragments of pnmice, augite, felspars, hornblende, magnetite, pala- 
gonite, chondritie and other cosmic, spherules. Manganese nodules and palagonitie 
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fragments are very abundant in some samples, as are also teeth of sharks. With 
reference to the organisms living on the Red Clay and the Radiolarian Ooze, they 
appear to he the same in nearly all respects in the two regions both as to the species 
and their relative abundance. 

The deposit was first met with in the Western North Pacific, during the voyage 
from New Guinea to Japan, in the deepest sounding taken during the cruise, and, with 
one or two exceptions, the greatest depth hitherto discovered, and still the greatest depth 
from which a specimen of the bottom has been procured. As this was a highly character- 
istic R ad iolarian Ooze, we will refer to the sample collected at some length. Two sound- 
ings were taken at this station (Station 225, lat. 11° 24/ N., long. 143° 16 7 E.). The first 
sounding was in a depth of 4575 fathoms, when only a little of the deposit came up on, 
the outside of the tube. This sounding not being a satisfactory one, a second was taken, 
when the depth was ascertained to be 4475 fathoms. The tube had sunk fully three 
inches into the deposit ; the upper layers were of a red colour, and contained much more 
peroxide of mang anese than the lower ones, which were of a pale yellow or straw colour, 
in this respect, as well as in other physical aspects, very much resembling the Diatom 
Oozes found in the Southern Ocean during the cruise towards the Antarctic regions. The 
whole of the lower part of the deposit when it came up had a very compact and laminated 
appearance ; the laminated fragments could be easily broken with the fingers, but it was 
difficult to separate the various components of the deposit the one from the other by 
shaking the whole in a bottle with water. The Radiolaria, Diatoms, and Sponge spicules 
appeared to be most abundant in the lower layers. The deposit effervesced a little with 
dilute hydrochloric acid, and one or two fragments of pelagic Foraminifera were found 
during the microscopic examination of a large portion of the sample, along with two 
specimens of Ha/plophragmium globigeriniforme. 

The most abundant mineral particles are angular and more or less rounded fragments 
of volcanic glass in various stages of alteration and of a red-green or yellow colour ; they 
are glossy, and break like resin; some are vesicular, and the vesicles are coated with 
prismatic zeolites. Besides these altered fragments of volcanic glass, there are grey-black 
lapilli of andesite and colourless splinters of pumice. There are also fragments of plagio- 
clases surrounded with vitreous matter, crystals of augite, grains of magnetite, and a few 
cosmic chondritic and native iron spherules . 1 

Argillaceous matter is not very abundant in this sample of Radiolarian Ooze, but 
there are large numbers of little particles formed by agglomerates of the deposit. These 
particles have an irregular form, and do not break up under the action of strong hydro- 
chloric acid, which merely removes the iron along with other colouring substances; 
microscopic examination shows that they are aggregates of the bottom made up of 
Radiolarians, Sponge spicules, and minute volcanic particles. The tenacity of these little 

1 See PI. XXIII. 
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aggregations appears to be greater than that of somewhat similar ones from other stations, 
and may he due to the cementation of the isolated particles by colloid siliceous matter. 
In this specimen there are finally some very peculiar white-coloured aggregations com- 
posed of minute rhombohedral crystals, which when treated with dilute aeids decompose 
with liberation of carbonic acid, but a flocculent residue is left behind, as well as micro- 
scopic granules ; we are inclined to consider these crystals as calcite or dolomite. The 
general appearance of this deposit under the microscope is shown on PI. X V. fig. 3, and 
the fine washings are represented on PI. XXVII. fig. 5. 

Professor Haeckel and Dr. Dreyer have recognised in the material from this station 
no fewer than 338 species of Radiolaria, belonging almost entirely to the two legions : 
JSTassellaria and Spumellaria, only two species being noted belonging to the Phseodaria, 
while the Aeantharia are quite absent, as is nearly always the ease in the deep sea, 
owing to the acanthin skeleton being easily decomposed. 1 The Nassellaria are by far the 
most abundant in this deposit, the number of species compared with that of the 
Spumellaria being as 2 to 1 ; about three-fourths of the Nassellaria, and half of the 
total Radiolaria, belong to the orders Spyroidea and Cyrtoidea. 

A detailed account has been given of this, the deepest sounding, because we consider 
it the most typical Radiolarian Ooze that has yet been discovered. It is estimated that 
about 80 per cent, of this sample is made up of the remains of siliceous orgauisms. The 
specimens from lesser depths in the Central Pacific and from the tropical regions of the 
Indian Ocean are less pure. Whenever a Red Clay is estimated to contain 20 per cent, 
of the skeletons of Radiolaria and siliceous organisms other than Diatoms, it has been 
classed as a Radiolarian Ooze. There seems to be little doubt that the Radiolaria are, 
like the calcareous Foraminifera, slowly dissolved by the sea-water after the death of the 
organisms, for the skeletons and spicules are frequently seen reduced to the merest 
threads, or in some parts the fenestrated spheres of some species are wholly removed. 8 

In the Tables of Chapter II. nine deposits collected by the Challenger Expedition are 
described as Radiolarian Oozes, and numerous other samples have been subsequently 
procured by other expeditions in the Pacific and Indian Oceans. The above-mentioned 
nine samples range from 2350 fathoms at Station 273 to 4475 fathoms at Station 225, 

1 Haeckel states that “ the skeletons of the Phseodaria consist of a compound of organic substance and silica/' and 
regards “acanthin as a substance related to chitin” (see “Report on the Radiolaria,” ZooL Chall. Exp., pt. xl, pp. 
Ixix, lxx); he says further that “the Aeantharia are entirely wanting [in deep-sea deposits], for their acanthin skeleton 
readily dissolves ” (l.c., p. civ.). Murray records one species of Aeantharia (Pantopelta iccsaspis) from the Diatom Ooze, 
Station 157, 1950 fathoms, Southern Indian Ocean (see Scot Geogr. Mag., vol. v. pp. 433, 4, 1889). 

2 If we take into account the molecular state of the silica forming the skeletons of Radiolarians, it is easily con- 
ceivable that they may pass into solution in the sea- water after the death of the organisms, but this dissolution cannot 
be very rapid, as will he seen from the following experiment. Some of the Radiolarian skeletons from Station 266 
were treated in a water-bath in a solution of 2 grrlis. of carbonate of potash, the water being renewed as evaporation went 
on. This operation was continued for thirty hours with the result that of 0*4725 grin, of Radiolarian skeletons, dried at 
110° C., 0*0607 grm. of silica passed into solution, equal to 12*84 per cent. Owing to the difficulty of separating the 
Radiolarians from the argillaceous matters, it must be pointed out that we were not dealing with pure Radiolarian 
skeletons. See also Schulze, “ Report on the Hexactinellida,” Zool. Chall. Exp., pt. liii. pp. 26, 27. 
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the average depth being 2894 fathoms, which is deeper than the average depth of the 
Red Clay samples, viz., 2730 fathoms. 

The carbonate of lime in these nine samples ranges from a trace in five eases to 20 per 
cent, in 2550 fathoms at Station 269, the average percentage being 4*01. This carbonate 
of lime is chiefly made up of pelagic Foraminifera, but the shells of bottom-living species 
of Rotalidae and Nummulinidse are also present. Teeth of fish are mentioned in seven of 
the samples, and otoliths of fish, Ostracode shells, Eehinoderm fragments, Gasteropod 
shells, and Coecoliths, occur, but never in great abundance. 

The residue after the removal of the carbonate of lime by dilute acid, which is red 
or red-brown, ranges from 80 to nearly 100 per cent, in the nine samples, the average 
being 95*99 per cent. In this residue the remains of silieeous organisms are estimated 
to make up from 30 per cent, at Station 273 in 2350 fathoms to 80 per cent, at Station 
225 in 4475 fathoms. The remains of Radiolarians make up the principal part of these 
silieeous organisms, but Diatoms and Sponge spicules are also present, and among 
arenaceous Foraminifera, species of Lituolidse and Astrorhizidse can nearly always be 
observed. 

The mineral particles with a mean diameter of over 0'02 mm. are all angular, and 
average 0*1 mm. in diameter. They make up from 1 per cent, of the deposit in most 
cases to 5 per cent, at Station 274 in 2750 fathoms, the mean percentage of mineral 
particles present in the nine samples being T67 of the whole deposit. 

The fine washings range from 17 per cent, in 4475 fathoms to 67 per cent, in 2350 
fathoms, the average being 39 ‘88. These fine washings are largely made up of the 
minute undeterminable fragments of siliceous organisms. 

The following table shows the average composition of the Challenger samples of 


Radiolarian Ooze : — 

| Pelagic Foraminifera, 

3*11 


Carbonate of Lime, . . - 

Bottom-living Foraminifera, 

0-11 



[Other organisms, 

0-79 

4-01 


r 9 % 

Siliceous organisms, . 

. 54-44 


Residue, 

Minerals, 

1-67 



Fine Washings, .... 

. 39-88 

95-99 


100-00 


When this average composition is compared with that of the Red Clay, it will be 
observed that the difference lies almost wholly in the large percentage of the siliceous 
organisms present in the residue. 

The constitution of the Radiolarian Ooze as revealed by the above microscopic 
examination is confirmed by the two following analyses : — 
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Portion 

SOLUBLE IN HCL 



Portion insoluble in HCL 

Station. 

i 

p 

No. 

Loss. 

Si0 2 

Al 2 O fl 

Fe 2 O s 

MnO a 

CaC0 8 

CaS0 4 

Ca^PO* 

MgCOg 

Total 

Si0 2 

AlgOg 

FfijjOg 

CaO 

MgO 

Total. 

265 

2900 

28 

4-30 

38*75 

6-75 

11-20 

0-57 

2-54 

0-29 

0-65 

2*46 

63*21 

21*02 

6*10 

3*09 

1-85 

0*34 

32*49 

274 

2750 

29 

7*41 

46-50 

8-32 

14-24 

3*23 

3*89 

0-41 

1-39 

1-50 

79-48 

9*52 

2*20 

0-75 

0-39 

1-25 

13*11 


No. 28 is of material obtained in the dredge, No. 29 as it came up in the trawl. 


These analyses again show, from the totals of the soluble and insoluble portions and by 
the percentages of the various substances, a great variability in the deposit, depending 
upon the nature of the materials mixed up with the skeletons of the Kadiolaria and other 
siliceous organisms. On comparing these analyses with those of the Red Clay, we find a 
much larger percentage of soluble silicic acid in this deposit than in the Red Clay, the 
deep-sea deposit with which it is most nearly analogous. In one of the above analyses 
the soluble silica rises to 46 ‘50 per cent.; admitting that a part comes from the hydrated 
silicates forming the argillaceous matter, from the zeolitic crystals which are very 
abundant in this deposit, or from the action of the acid and potash on the anhydrous 
silicates, still a very large part of the silica in the soluble portion of the analysis must 
come from the skeletons of the Radiolarians, Diatoms, and Sponge spicules. In fact, 
the examination of these siliceous remains between crossed nicols show them to be 
composed of amorphous silica ; their loss on ignition shows also that they contain water 
in variable proportions, like opal, some specimens of which lose on calcination from 3 to 9 
per cent., and in some cases as much as 20 per cent, of their weight. This hydrated 
silica, more or less easily attackable by various chemical agents, is almost entirely removed 
by caustic potash. 1 

The water shown in the analyses must also he regarded as being associated partly 
with the silica in the siliceous organisms, as well as in combination with the iron and 
alumina. The percentages of alumina and iron indicate that clay and limonite are 
present in considerable quantities. What has been said with reference to the analyses 
of the Red Clays applies also here to the manganese, carbonate, sulphate, and phos- 
phate of lime, and carbonate of magnesia. The relatively small quantity of carbonate 
of calcium is explained by the great depth of the Radiolarian Oozes, for, as has 
already been pointed out, carbonate of lime gradually disappears from the deposits 
with . increasing depth. The division referring to the insoluble part shows anew the 
presence of insoluble silica, of silicates, and of silieated rocks containing alumina, iron, 

\ For a description of the various Eadiolarian spicules and their chemical composition. Bee Haeckel, “Eeport on- 
the Eadiolaria,” Zool. ChalL Exp., part xl. pp. lxviii et seq. See also Thoulet, “Snr les spicules siliceux d’dponges 
viwantes ” Comjptes Rmdus, tom. xcviii. p. 1000, 1884, and the Challenger Eeports on the Hexactinellida,. Tetractinellida, 
and Monaxonida. 
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calcium, and magnesium ; indeed the presence of these silicates was revealed by the 
microscopic examination of the mineral particles. 

The following analysis of a Eadiolarian Ooze was made by Dr. Sipocz : — 


Station. 

Depth in 
Fathoms. 

No. 

Loss on 
Ignition. 

Si 0 2 

AlgOg 

F 62 O 3 

MnO 

CaO 

MgO 

PA, 

CuO 

Co 

KjjO 

Na 2 0 

Total. 

268 

2750 

30 

16-52 

" 

52-85 

8*23 

5*94 

1*74 

6*61 

4*84 

3*99 

0*16 

tr. 

tr. 

tr. 

100*87 


This analysis likewise shows a high percentage of silicic acid, and from the large quantity 
of water shown by the loss on ignition, the major part of this silica, as well as of the iron 
and alumina, must he in the form of hydrate. The phosphoric acid, and a part of the 
calcium, are due to the presence of phosphate of lime in the organic remains. The 
rather high percentage of magnesia is probably explained by the presence in the deposit 
of fragments of rocks, containing magnesia and lime, such as the numerous fragments 
of altered volcanic minerals and glass noticed in the microscopic examination. The 
foregoing analyses then corroborate the results obtained by the macroscopic and micro- 
scopic examination of the Eadiolarian Ooze ; that is to say, we find the deposit com- 
posed of a mass of mineral matters analogous to those met with in the Eed Clays, hut 
this deposit is distinguished from the Red Clay by a greater abundance of hydrated 
silica due to the presence of the organisms which give their name to the deposit. 

In addition to the samples of Eadiolarian Ooze obtained by the Challenger, other 
areas of this deposit were discovered by the U.S. ship “ Tuscarora ” in the Pacific, and 
byH.M.S. “ Egeria ” in the Indian Ocean. No specimens of this deposit have as yet 
been met, with in the Atlantic Ocean, and for a variety of reasons it is, indeed, unlike ly 
that a Eadiolarian Ooze will be discovered in the Atlantic. By reference to C har t I it 
will be seen that the patches of Eadiolarian Ooze in the Pacific are co nfin ed to the 
central and western regions of that ocean, the seven patches shown on the map covering 
about 1,161,000 square miles. In the Indian Ocean there is a great patch of this deposit, 
in the deep water of the central eastern region surrounding the Cocos and Christmas 
Islands, the area of which is estimated at about 1,129,000 square miles. 

Diatom Ooze. 

Just as the name Eadiolarian Ooze was introduced by Mr. Murray to distinguish those 
deposits in which Eadiolarian remains played a prominent part, so the name Diatom 
Ooze was applied during the Challenger Expedition to distinguish those deposits in which 
Diatom frustules were exceptionally abundant. Dr. Joseph Hooker , 1 d urin g Sir James 

1 Botany of the Antarctic Voyage of H.M.SS. “EreVus” and “ Terror,” I. “ Flora Antarctica,” p. 603, London 1847- 
Report of British. Association for 1847, pp. 83-85, London, 1848. ’ ’ 
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Clark Rosa’s Antarctic voyage, had pointed out the great abundance of Diatoms in the 
Antarctic Ocean, and in the deposits forming near the great hoe Barrier, but the- Diatom 
Ooze wag first met with in its most characteristic form during the voyage of the Challenger 
between Kerguelen and the Antarctic Ice Barrier, in 1260 fathoms,. It was afterwards 
collected at a good many points in the same region by the Expedition, and subsequently 
by H.M.S. “ Egeria ” in the South Indian Ocean. In the North Pacific, south of the 
Kurile Islands, the “Tuscarora” discovered deposits somewhat similar to the Diatom 
deposits of the southern hemisphere. 

The deposit when collected and when wet has a yellowish straw or cream colour ; 
when dried it is nearly pure white, and resembles flour. Near land it may assume 
a bluish tinge from the admixture of land detritus. The surface layers are thin 
and watery, but the deeper ones are more dense and coherent, breaking up into 
laminated fragments in the same way as the deeper layers of a Radiolariau Ooze. It 
is soft and light to the touch when dried, taking . the impress of . the fingers and 
sticking to them like fine flour, and in most respects has the same physical appearance 
as the purest samples of Diatomite of fresh-water origin. Small samples appear, quite 
homogeneous and uniform, but in all the soundings there were fragments of minerals 
and rocks, and gritty particles can generally be felt when the substance is passed between 
the fingers. ■-- - 

It effervesces with dilute acids, and may contain from 3 to 30 per cent, of carbonate 
of lime, which consists chiefly of the shells of pelagic Globigerinse, but other Foraminifera, 
fragments of Molluscs, Polyzoa, Eehinoderms, Ostraeodes, otoliths of fish, and Cephalopod 
beaks are usually present in greater or less abundance. 

In the Challenger collections there are five specimens of Diatom Ooze, all from the 
Southern Ocean. These range from 600 fathoms at Station 147a to 1975 fathoms at 
Station 156, the average depth being 1477 fathoms. In colour these deposits are dirty 
white, pure white, yellowish, or grey. 

The principal part of the deposit is made up of the dead frustules of Diatoms 
belonging to many genera and species, together with Radiolarian remains, . .Sponge 
spicules, and fragments of these siliceous organisms. The estimated proportion of 
siliceous organisms ranges in the five different specimens from 2Q per cent, in 600 
fathoms to 60 per cent, in 1975 fathoms, averaging 41 per cent.; this is without taking 
into account the remains of these organisms in the “fine washings/’ which are largely 
made up of their comminuted fragments, Diatoms and Radiplarfans, were, of course,- 
present in all cases, and Sponge spicules, were recognised in all or nearly all the samples'; 
arenaceous Foraminifera were also observed whenever a large quantity of the deposit was 
examined. 

The following is a list of the Diatoms observed in a typical Diatom Ooze, from the 
Antarctic, viz., Station 157, 1950 fathoms : — . ' . : : 

(deep-sea deposits chall. exp. — 1890.) 27 
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*Mmicula subtilis, Greg. 

Thalassiothrix longissimct, var. antarctica 
Cl. et Gran. 

*Synedra lanceoilata, Cstr. 

» . . nitzschioides, Gran, 

» filiformis, Grun. 

Thalassionema nitzschiodes, yar. Ictnceo- 
lata, Grun. 

*Trachy schema australis ' Petit, yar. 

mtarctica, Schwarz. 

*^torm rhombicu m> 0’Ke. ) y !i v. oceanica, 
: nov. 

NitzscUa constricta, yar. antarctica, nov. 
^Khizosolenia styliformis, Brightw. 

» . .. furcata, n.sp. 

*Corethron criophilum, Cstr. 

Hemiaulus antarcticus, Ehrenb. = Eucaru- 
piubalaustium, Cstr. , and var. minor. 
Asteromphalus hoolcerii (Ehrenb.), Ralfs. 

forma buchii, Ehrenb. 

” forma humboldtii, Ehrenb. 

» forma cuvierii, Ehrenb. 

” forma denarius, Janisch. 

» darwinii, Ehrenb. 

Hyalodiscus radiatus, O’Me, var. arctica, 
Gxun. 

*Actinocyclus oliveranus, O’Me. 

Coscinodiscus margaritaceus , Cstr 

* 1 • 

>j lunge, Ehrenb. 

» excentricus, Ehrenb. 

* Indicates tie peculiarly Antarctic species. 
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Coscinodiscus atlanticus, Cstr., and var. 

lineatus, Ehrenb. 

lentiginosus, Janisch. 

” » var. maculata, 

Grun. 

Coscinodiscus africanus, var. wallichianas, 
Grun. 

Coscinodiscus subtilis, Ehrenb. 

■j* 

ji var. glacialiSy Grun. 
tumidus, Janisch. 

” Yar * Jusciculata , 


9) 

99 

99 


nov. 

Coscinodiscus radiatus, Ehrenb. 

!' . ” . decrescens, var. polaris, Grun . 

Coscinodiscus decrescens,vnr. repleta, Grun. 
» fasciculatus, AS. 

griseus, var. gallopagensis, 

Grun. (?) 

Coscinodiscus curvulatus, maculata, nov. 

„ tuberculatus, Grev var 

excmtrica, nov. 

Cosemodisms tubemdatus, var. cmtarcliea 
nov. ’ 

Coscinodiscus elegans, Grey. 

» robustus, Grev. 

” >> var. minor. 

” antarcticus, Cstr. (nov 

Grun.). 

Coscinodiscus denarius, A.S. 

marginatus, Ehrenb. 

+ Species also recorded from tie Arctic zone. 


Antarctic Ocean., orto the northern ^ortoTZhTp^if 116 ' 1 10 8ou,iem 01 
Porarninifera, KadioMa, or DiaW Lale^ 0 ° f t e w T° *•*«*» <* 

them! Coccoliths and Ehabdolith. are absent except in T ? tT™ *" fc " m4 

samples in the southern hemisphere. ’ P f of the more northerly 

The carbonate of lime varies from 2*00 per cent in toy* f+i, 

in 600 fatW, a, average being CC-Jper nt B 

r- ny iar the larger part of this 
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carbonate of lime is due to the presence of tlie dead shells of pelagic Foraminifera, the 
other carbonate of lime organisms present not making up more than 3 or 4 per cent, of 
the whole deposit in any case. 

The mineral particles vary greatly in nature, size, and abundance in the Diatom Oozes* 
sometimes volcanic rocks and minerals, sometimes those of ancient and sedimentary 
formations predominating. This was to be expected, for all the Ch alle nger samples of 
this deposit lie within the region of floating ice in the southern hemisphere. The 
minerals range from 3 per cent, in 1950 fathoms to 25 per cent, in 600 fathoms, the 
average being 15*6 percent. The mean diameter is 0*12 mm., but rocks and minerals 
from the Antarctic Continent and islands are found of all dimensions, and are spread 
over the whole region from their source in the shallow water near the Ice Barrier to 
north of the latitude of 40° south, for they were dredged in considerable numbers by 
the Challenger in all the Diatom ooze areas. These consist of fragments of granite, 
granitite, chloritic sandstone, micaceous sandstone, amphibolite, gneiss, schists and slates; 
and other ancient and recent volcanic rocks. 

The fine washings range from 12*53 in 1260 fathoms to 27*92 in 1975 fathoms, the 
average being 20*44 per cent. 

The average composition of the five samples of Diatom Ooze is as follows:— 



Pelagic Foraminifera, 

. 18-21 


Carbonate of Lime, . . ■ 

Bottom-living Foraminifera, 

1-60 



[other organisms, 

. 3*15 

22*96 


1 Siliceous organisms, . 

. 41-00 


Residue, 

Minerals, , , 

. 15-60 



[Fine Washings, . . . 

. 20-44 

77-04 




100-00 


The Challenger’s trawlings revealed the presence of a large number of deep-sea animals 
living at the bottom in the Diatom ooze areas ; at Station 157, 1950 fathoms, a single 
haul of the trawl procured over 150 specimens belonging to 77 species and 68 genera. 


The following is an analysis of an average sample of the deposit from Station .157, 
1950 fathoms : — 
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In this’ analysis, even better than in those of the Radiolarian Qoze, the large part 
taken by the remains of siliceous organisms in the composition of the deposit is rendered 
evident by the quantity of soluble silica. In the portion soluble in hydrochloric acid and 
treated with potash the . soluble silica amounts to 67'92 per cent- Saving regard to the 
low; percentage of alumina and peroxide of iron, with which the silica and water lost 
on ignition might he combined, it must be admitted that amorphous silica exists in a free 
state, and that the water must be combined with silica, thus forming hydrated silica, 
analogous : to that which, as we have seen, forms the skeletons of Radiol&rians. As the 
quantity of water is variable for hydrated silica, and as the loss on ignition compre- 
hends. also organic substances,, it would be useless to lay too much stress on the 
figures, but it may. be: said that they represent approximately the mean hydration of 
opak, viz,, about 8 per cent. In this ease the soluble silica may be said to make up 

about three-fourths of the deposit With the exception of 19 '29 per cent, of carbonate 

of calcium, which is chiefly derived from pelagic Foraminifexa and shells of Molluscs, &c., 
the deposit may he regarded as very pure, for all the substances- soluble in hydrochloric 
acid, except the silica, are represented, by very small quantities, in comparison with what 
is met with in other deposits. In the specimen analysed there can have been but little 
argillaceous matter or ferric hydrate,, and in the insoluble portion the anhydrous silicates 
are represented by only 4 '72 per cent. The specimen taken for this analysis may have 
been exceptionally pure, for it must be remembered that in. the large quantity dredged by 
the Challenger at this station there .were many fragments of rocks of considerable siz e, 
and associated with these we would expect to find a larger quantity of argillaceous matter 

than is indicated in the above analysis. 

Another analysis of material from the same station is, properly speaking, one of those 
portions comprised in our Tables under the headings “ siliceous organisms ” and “ fine 
washings/ 1- The substance analysed had been treated with hydrochloric acid to remove 
the calcareous organisms, and therefore consisted as nearly as possible of siliceous organ- 
ismSj chiefly Diatoms, but mixed with these were a few Radiolaria and Sponge spicules. 


Station. 

Depth in 
Fathoms. 

— - — — 

No. 

Loss. 

Si0 2 

A3 2 03 

Fe 2 0 3 

CaO 

MgO 

BaO 

Kfi 

Na^O 

pa 

Total 

157 

1950 

32 

5 SB 

90*56 

1*31 

0*88 

0*33 

0*30 

0-20 

0*15 

0-40 

‘■1 

tr. 

99-98 ' 


In this analysis, again, the high percentage of silicic acid shows the true nature of the 

deposit, and considering the percentage of water (loss) and the low percentage of all the 
bases, it may be concluded that almost all the portion of the deposit here under considera- 
tion is composed of a form of hydrated silica derived from Diatom frustules and remains of 
other siliceous organisms, mixed with a very small quantity of ferruginous clayey matter. 
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Taking the Challenger researches in conjunction with those of Sir' James Ross’s 
Antarctic Expedition and other observations, it seems to be indicated that a. great zone 
of Diatom Ooze of varying width surrounds the South Polar regions, as represented on 
the accompanying chart. This zone lies for the most part between the Antarctic Circle 
and the latitude of 40° S., and may be estimated to cover about 10,880,000 square miles 
of the sea bottom in these regions. There is a. small patch of Diatom Ooze in the 
North Pacific, which may be estimated at about 40,000 square miles, 

CrLOBIOERlNA OoZE. 

This name was in the first instance applied to the mud collected when sounding 
out the greater depths of the Atlantic Ocean in connection with telegraph cables, because 
a large percentage of this mud or ooze was made up of the small Foraminiferous shell 
named Globigerina bnttoides, The term Globigerina Ooze, which- has become quite 
familiar and well established, is at once appropriate and distinctive, and is now, adopted 
for all those deposits which are chiefly made up of the Foraminiferous shells belonging 
to the family Glohigerinidee. The first specimens of the ooze were probably procured by 
Lieutenant Berryman of the United States Navy in the North Atlantic, and were 
described in some detail by Ehrenberg and Bailey in 1853. Many subsequent writers 
have described specimens that were afterwards procured from other regions of the 
Ocean. Were all the deposits Which contain 10 or 15 per cent, of these Foraminiferous 
shells classed as Globigerina Ooze, then this deposit would be by far the most extensive 
of the deep-sea deposits, for some species of these shells are present in greater or less 
abundance in all the types of marine formations from Equator to Poles. Near land, 
however, their presence is sometimes wholly masked by the abundance of land debris 
or exuvise of shallow- water organisms, and in the greatest depths of the ocean these shells 
are absent, or at least do not accumulate on the bottom so as to form a calcareous 
deposit. In this Report, as a general rule, a deposit has not been classed as a Globigerina 
Ooze unless it contains over 30 per cent, of carbonate of lime, principally made up of -the 
dead shells of these Foramiaifera. There was at one time much discussion as to whether 
those Foraminifera, which are in this Report called pelagic, lived at the Surface of the sea 
or on the bottom of the ocean; this question has been, we believe, definitely settled in 
favour of the former view, as will be pointed out in detail later on. The following is a 
list of the pelagic Foraminifera that were taken in the surface nets during the cruise of 
the Challenger, and it is the dead shells of these species which, having fallen to the 
bottom of the sea, make up the principal part of the carbonate of lime present in the 
great majority of pelagic deposits, and . especially in all those .denominated Globigerina 
and Pteropod Oozes : — / .... . . 
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Globigerina sacculif era, Brady. 

„ . sequilateralis, Brady. 

„ conglobata, Brady. ... 

. „ dubia, Egger. 

„ rubra, d’Orbigny. , .. ' 

„ bulloides, d’Orbigny. 

„ inflata, d’Orbigny. 

,, digitata, Brady. 

„ cretacea, d’Orbigny (?). 

„ dutertrei, Brady. 

Orbulina universa, d’Orbigny. 


Hastigerina pelagica (d’Orbigny). 
Pullenia obUquiloculata^arkei and Jones. 
Sphseroidina dehiscens, Parker and Jones, 
Candeina riitida,. d’Orbigny. 

Cymbalopora ( Tretom/phalus) bulloides 
(d’Orbigny). 

Pulvinulina menardii (d’Orbigny). 

„ tumida, Brady. 

„ canariends (d’Orbigny). 

„ micheliniana (d’Orbigny). 

„ crassa (d’Orbigny). 


The majority of these species are limited to those deposits immediately under warm 
tropical waters, while only a few of them are met with in deposits from the colder regions 
of the ocean ; it follows that the predominating species in a deposit vary according to 
latitude, or more correctly according as the surface oceanic currents have a tropical or 
polar origin, along with other surface conditions of the locality. 

The colour of the deposit is white, milky-yellow, rose, brown, or greyish, depending 
on the nature of the inorganic substances mixed up with the Foraminifera. The pre- 
vailing colour is milky-white or rose-coloured far from land, and dirty white, blue, or 
grey near land, when there is a considerable quantity of detrital matter from rivers in 
the deposit. It has sometimes a mottled aspect from the presence of manganese grains 
or volcanic ashes, lapilli, and fragments of pumice. It is fine grained and homogeneous; 
in tropical regions many of the Foraminifera are visible to the naked eye, while in 
temperate regions the form of the organisms is, as a rule, indistinguishable without the 
aid of a lens. When dried a Grlobigerina Ooze is usually pulverulent, but some specimens 
which have a low percentage of carbonate of lime cohere slightly. 

In the Tables of Chapter II. there are 118 samples of deposits described as Globi- 
gerina Ooze. These come from depths ranging from 400 to 2925 fathoms. In addition 
to these there are a few doubtful cases where a Globigerina Ooze was indicated. 


3 samples come from depths of less than 500 fathoms. 

2 „ „ between 500 and 1000 „ 

13 „ „ „ 1000 „ 1500 „ 

35 „ „ „ 1500 „ 2000 

49 „ „ „ 2000 „ 2500 

16 „ ,, over 2500 fathoms. 


The average depth of the above samples is 2002 fathoms ; taking the doubtful samples 
into account, the average depth would be 1996 fathoms, and excluding those samples 
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from depths less than 500 fathoms, the average depth would be 2049 fathoms. So that 
the result from these figures agrees with the impression derived from a large experience, 
in the examination of deep-sea deposits, viz., that the depth at which Globigerina Ooze 
is found in its most typical development is about 2000 fathoms, and it will he noticed 
that of the 118 Challenger samples 84 come from depths between 1500 and 2500. 
fathoms. 

In addition to the pelagic Foraminifera many other organisms contribute to the car- 
bonate of lime present in a Globigerina Ooze, some of these living in the surface waters: 
of the ocean and others having their habitat at the bottom of the sea ; among the former 
are pelagic Molluscs and pelagic calcareous Algse. The shells of pelagic Molluscs— 
Pteropods and Heteropods — are sometimes present in great abundance in tropical and 
subtropical regions, and then the G-lobigerina Ooze passes gradually into a Pteropod Ooze 
in the shallower depths. Coccospheres and Rhabdospheres are regarded as calcareous 
Algse, and their remains or broken fragments, Coccoliths and Rhabdoliths, sometimes 
make up fully 15 per cent, of Globigerina Ooze. In the samples of Globigerina Ooze 
procured from high northern or southern latitudes the shells of pelagic Molluscs, Cocco- 
liths, and Rhabdoliths, are wholly absent. The remains of calcareous organisms which 
habitually live on the bottom of the sea, such as Molluscs, Echinoderms, Annelids, Corals, 
Polyzoa, and bottom-living Foraminifera, are nearly always to be found in a Globigerina 
Ooze, from whatever region the specimen may have been procured. 

The carbonate of lime in the Globigerina Oozes in the Tables ranges from 3 015 per 
cent, at Station 97 in 2575 fathoms to 96 ‘80 per cent, at Station 343 in 425 fathoms, 
the average percentage being 64 ’47. Arranged in depths of 500 fathoms, the samples 
contained for each zone the following average percentages 


3 samples under 500 


fathoms, 87 "07 mean per cent. CaC0 8 . 

2 „ 

from 500 to 1000 

)> 

68-47 

77 

37 

13 „ 

„ 1000 „ 

1500 

73 

63-69 

37 

77 

35 „ 

„ 1500 „ 

2000 

7 ) 

72-66 

77 

73 

49 „ 

„ 2000 „ 

2500 

37 

61-74 

73 

77 

16 

over 2500 


37 

49-58 

37 

77 


This table shows generally a decrease in the quantity of carbonate of; lime with 
increasing depth, but this fact would be still more strikingly exhibited had the. samples 
been all from one region of the ocean, in which the surface conditions were the same, or 
had the samples from the shallower depths near continents and islands been eliminated, 
for in these there is always a large admixture of accidental matters derived from land. 

The estimated percentage of carbonate of lime due to the presence of the dead shells 
of pelagic Foraminifera ranges from 25 to 80, the average being 53*10 ; it will thus be 
seen that the great bulk of the carbonate of lime present in Globigerina Oozes is referred 
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to the^remaina af .these organisms, vMcli predominate everywhere, and especially in the 
deposits fcom the medium depths of the ocean fe.r from land. 

The carbonate of lime attributed . to the presence of the shells of Foraminifera that 
live on the' bottom of the. sea is estimated to average only 2 ‘1.3 per cent. The carbonate 
of lime derived from .organisms other than. Foraminifexa, such as Molluscs, Eohinoderms, 
Corals, Sponges, otoliths of fish, calcareous Algae, Coceolitbs, and Rhabdoliths, ranges 
from 1*16 to 31*77 per cent, the average being 9*24 per cent, and it may be said that 
these organisms are. especially, abundant . in the shallower depths of the ocean near land- 
In the Tables Globigerinidse are mentioned in all cases (118), Pubinulma (117), 
Ceeeoliths (116), Echinoderm fragments (114), Rotalidse (107), Miliolidse (105), Rhab- 
doliths (105), Lagenidse (77), Textularidsa (71), Ostracodes (64), Pteropods (36), 
bTummulinidie (33), otoliths of fish (28), Lamellibranchs (24), Gasteropoda (20), Polyzoa 
(19), teeth of fish (18), Heteropods(ll), Serpula (10), and Coceo.spb.eres, calcareous 
Adgae, Aleyonarian spicules, Cirripeds, Dentalium, Braehiopods, Cymbalopora, and 
Cephalopod beats (1 to 6 cases). 

With a more careful and detailed examination in each case, it is probable that the 
number of times the above-named organisms occur in the 118 samples would be greatly 
increased in the majority of instances. However, the above numbers indicate fairly well 
the relative frequency with which the remains of these calcareous organisms are met with 
in a Globigerina Ooze during the examination of an average sample. : These results, which 
are confirmed by the examination of a large number of deposits in addition to those of the 
Challenger, show, as already stated, that by far the larger part of the carbonate of lime 
in the C-lobigerina Ooze. is derived from the shells of organisms that live in the surface 
waters of the ocean, principally, pelagic Foraminifera, Molluscs, and calcareous Algae, 

The residue is the complement of the carbonate of lime ; where the latter is least the 
former is highest, and vice versa. In the above 118 samples the residue ranges from 3 ’20 
to 69*85, and averages 35*53 per cent. The colour of the residues of the G-lobigerina 
Oozes is brown in 65, and red in 30, cases, while in other cases it is chocolate, red-brown, 
rose, fawn, black, grey, and green. 

The residue consists of — 

(a) Siliceous Organisms. — These range from 1 per cent, in the majority of cases to 10 
per eent. in 4 cases, the average being 1*64 per cent. The Radiolarian remains are the 
most abundant and the most frequent, then follow the remains of Sponge spicules and 
the. frustules of Diatoms. The arenaceous Foraminifera and the glauconitic, and other 
casts of calcareous orga ni sms are also included under this heading.. 

The remains of Radiolarians, Diatoms, and siliceous Sponges are. .almost .always 
present in the Globigerina deposits, but it. frequently happens that one. or other, of these 
groups cannot be detected until a considerable quantity of the deposit has been examined 
after removal of the carbonate of lime with dilute acid; in some cases all the siliceous 
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organisms have apparently disappeared, probably as silicate of lime (CaOSi0 2 ),' for it may 
be presumed they were once present in the ooze. 1 At other times they are found to be 
all present in considerable abundance, and in some localities may make up over 10 per 
cent, of the whole deposit. 

(b) Minerals .- — In the Challenger samples the mineral particles range from 1 per cent, 
in the majority of cases to 50 per cent, at Station 318, and they average 3 ’33 per cent. 
The particles themselves range in size from 0'06 mm. to.0*80 mm., the average being 
0'089 mm. in diameter. They are in the majority of cases angular, but in 3 cases they 
are recorded as rounded, and in 18 cases as rounded and angular. 

In the purest samples of G-lobigerina Ooze, mineral particles are exceedingly rare, and 
consist for the most part of a few minute fragments of felspar, augite or hornblende, 
magnetite, volcanic glass, sometimes more or less altered, with which are associated a 
small quantity of clayey matter and the oxides of iron and manganese. In the less pure 
samples the residue as a whole increases in bulk and the mineral particles become more 
numerous, monoclinie and triclinic felspars, augite, olivine, hornblende, and more rarely 
white and black mica, bronzite, actinolite, chromite, glauconite, quartz, and cosmic dust 
being then met with. Some of these mineral particles are only present in deposits which 
are passing, from nearness to land, into terrigenous deposits. In the 118 samples, 
magnetite is recorded 95 times, felspars (86), augite (82), glassy volcanic particles (63), 
hornblende (58), quartz (49), pumice (45), manganese (37), mica (31), plagioelase (24), 
sanidine (21), olivine (19), lapilli (18), glauconite (13), palagonite (10), and enstatite, 
bronzite, pyroxene, garnet, actinolite, tourmaline, zircon, microeline, serpentine, phillipsite, 
and ma gnetic spherules (1 to 5 times). Phosphatic and manganese nodules are some- 
times dredged from Globigerina Oozes. 

(c) Fine Washings . — This portion of the residue varies from 1 *20 to 64 '62 per. cent, 
of the whole deposit, the average being 30*56 per cent. The following table gives the 
average percentage of fine washings in the samples from each zone of 500 fathoms : — 

" 3 cases from depths less than 500 fathoms, 9'60 mean per cent. 


2 

11 

from 

500 to 1000 

33 

13-50 

33 

13 

31 

3 3 

1000 „ 1500 

)3 

30-85 

31 

35 

33 

33 

1500 „ 2000 

33 

22-72 

13 

49 

it 

33 

2000 „ 2500 

33 

32-76 

33 

16 

33 

over 

2500 

rs 

47-73 

11 


Although not quite regular, this shows a gradual increase in the abundance of fine wash- 
ings with increasing depth. In the same way, but not quite regularly, the abundance of 
minerals and their size are shown in the 118 samples to be greater in the shallower depths. 

1 See Murray and Irvine, “Silica and Siliceous Organisms in Modem Seas,” Proa. Roy. Soc. Edin., 1891. It is 
manifest that, wherever alkaline sea- water is in contact with oozes made up of dead siliceous and calcareous organisms, 
solution of silicic acid must take place, alkaline silicates being formed— SiOs-hROOg^RSiOg-bCOg (see also chapter IV.)* 
(deep sea deposits ohaJjL. exp. — 1890). 28 
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As has been already stated, the residue of a Globigerina Ooze is in all essential 
particulars the same as a Bed Clay from the adjacent regions of the ocean’s bed. The 
trawl and dredge brought up from Globigerina Oozes large pumiee stones in 12 instances, 
manganese nodules 6 times, sharks’ teeth and earbones of Cetaceans 4 times, and more 
rarely phosphatic concretions, pebbles, and aggregations of the deposit. Numerous 
animals belonging to the fishes and all the invertebrate marine groups have been dredged 
and trawled from the Globigerina Oozes, life being apparently much more abundant on 
these than on the Red Clay and Radiolarian deposits. 

The following shows the average composition of the 118 Challenger s am ples of 
Globigerina Ooze : — 



Pelagic Foraminifera, 

53-10 


Carbonate of lime, 

Bottom-living Foraminifera, 

2-13 



^ Other organisms, 

9-24 

64-47 


Siliceous organisms, . ; 

1-64 


Residue, j 

Minerals, 

333 



Fine Washings, , , 

30-56 

35-53 
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The analyses of a large number of Globigerina Oozes, presented in the table on the next 
.page, support the above views as to the composition of the deposit. 

The important role played by the remains of calcareous organisms in these deposits 
is indicated by the high percentage of the portion soluble in hydrochloric acid, and 
especially by that in the column CaC0 3 ; although the carbonate of calcium varies greatly 
in the different specimens of Globigerina Ooze, the annexed analyses show tha t it usually 
forms more than one-half of the whole deposit, and often rises to a much higher limit. 
This high percentage of carbonate of lime might be said to efface in a manner the 
small quantity of other substances mixed with the calcareous organisms. However, the 
columns showing the loss on ignition, silica, alumina, and iron, indicate small quantities 
of argillaceous and ferruginous matters, associated with the remains of siliceous organisms. 
It may be observed that the loss on ignition does not augment with the proportion of 
carbonate of lime, but rather with an increase of silica, alumina, and ferric oxide, so that 
the larger part of the loss on ignition is rather to be referred to the water combined with 
these substances than to organic matters. The sulphate and phosphate of calcium in 
these analyses are to be attributed, as in the case of the Red day, to the presence of 
sea-water salts and of phosphatie organic remains. There does not seem to be any 
relation, between the percentages of carbonate of lime and carbonate of magnesia as 
plight be expected' if the carbonate of magnesia played a role in the original constitution 
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Nos. 34, 42, and 53 are of material obtained from the dredge ; Noa. 46, 50, and 51 from the trawl ; Nos, 48, 49, and 52 from tow-net at trawl j the rest from the 
sounding tube. No. 45 had been washed and the finer parts removed. 
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of the Globigerina shells present in these deposits. Take for example a sample with 
about the highest percentage of carbonate of lime, 91 '32 (Station 302), where there is 0 30 
per cent, of carbonate of magnesia, while in that with the least carbonate of lime, 37 ‘51 
per cent. (Station 64), there is 1*13 per cent, of carbonate of magnesia. 1. 

In examining the insoluble portion of the analyses, it will be seen that, generally 
speaking, this portion indicates that the mineral particles are relatively less numerous 
than in a Red Clay. In some samples, however, the percentage of silica indicates the 
presence of quartz and of silicates in some abundance. In all these respects the analyses 
confirm the macroscopic and microscopic examination in showing the presence of silicates, 
similar to those in other pelagic deposits, in the residue of a Globigerina Ooze. This view 
is confirmed by the following additional analysis of a Globigerina Ooze from the Tropical 
Pacific, at Station 176, in 1450 fathoms 


Station. 

Depth in 
Fathoms. 

No. 

Si0 2 

A1 2 0, 

Feg0 3 

. Mn0 3 

CaO 

MgO 

k 2 o 

NasO 

co 3 

H a O , 

Ou 

Ni 

Co 

PA 

Total. 

176 

1450 

56 | 

17*71 

4*86 

6*80 

1*69 

35*08 

1*64 

0*32 

0*65 

29*10 

2*95 

tr. 

tr. 

tr. 

tr. 

100*80 


In comparing the figures in this analysis with those given in the previous table for a 
sample from the same station, there is a coincidence in most cases, but in some cases there 
are small divergences which cannot be accounted for by different methods of analysis, and 
this shows how samples from the same station may vary in composition. This remark is 
applicable also to the results indicated in the Tables of Chapter II,, which again are 
different from the results of this complete analysis. It will thus be seen that, notwith- 
standing the care taken in selecting a medium sample, we are . in reality not de aling with 
a homogeneous substance ; this is true for all the deposits, as might be expected, and as 
we have already pointed out. However, the examination of the preceding analysis leads 
to the same general results as the others ; that is to say, the percentage of carbonate of lime 
is that of a Globigerina Ooze. Along with the carbonate of lime organisms there is a 
residue composed of argillaceous matters united with hydrated silica, siliceous organisms, 
and anhydrous silicates containing alumina, iron, magnesia, and alkalies, referable to 
minerals and fragments of rocks of volcanic origin. 

In order to know as exactly as possible the nature of this mineral matter mixed with 
the remains of Globigerinss, the residues of two samples of Globigerina Ooze have been 
submitted to a detailed examination. The samples were in the first place boiled for a long 
time in distilled water to remove the soluble salts. They were then treated with dilute acid 


* Tins fact may be easily explained : admitting that the carbonate of magnesia comes from the action of the 
sulphate of magnesia in the sea-water on the GloUgeriw shells, it will he seen that this aetion must he stronger on a 

t ^ “ l mte °V! 1 “ d ' p0sit : 0n is slow than when they are abundant, and accumulate rapidly 
m the deposit. It may, however, be urged that the carbonate of magnesia has accumulated in thegreater depths simply 
from the removal of the carbonate of lime in solution. 8 r k * 
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added in successive small quantities, while the substance was stirred continually, care being 
taken to have hut a very feeble acid reaction during the operation. In this way there 
was obtained, after complete elimination of the carbonates and phosphates, an impalpable 
residue presenting a deep brown colour, similar to a Bed Clay when wet and yellowish 
brown when dry. The physical characters resemble those of an impure argillaceous sub- 
stance coloured by iron; before the blow-pipe it melts into a black vesicular glass, like 
ferruginous feispathic mud. These two residues from the Globigerina Ooze of Stations 
224 and 338 were then analysed, with the following results : — 



















No. 

SiO a 

AljjOg 

Fe^Os 

Mn0 2 

OaO 

MgO 

k 2 o 

NajjO 

H a 0 


PA. 

Total. 


1850 

57 

64*16 

15*13 

8*19 

tr. 

. 

1*65 

1-79 

l'Ol 

0*90 

7*10 

tr. 

tr. 

99*94 

338 

1990 

59 

50*47 

18*01 

12*75 

3*00 

1*71 

2*44 

111 

1*05 

10*93 

tr. 

tr. 

1 

101*47 ‘ 


These two analyses of residues of Globigerina Ooze show, as might be expected, 
remembering the variability of the deposits, considerable differences in all the substances 
estimated. It may be held, however, that these two residues, from the point of view of 
their constitution, present a very close analogy with the Red Clay of greater depths. 
In short, according to the percentages of water, alumina, and silicic acid, there must 
exist in the Globigerina Oozes an argillaceous matter coloured by oxides of iron and 
manganese, and mixed with this clay alkaline and other silicates, as shown by microscopic 
examination. The composition of this residue is, iu fact, similar to a Bed Clay. .The 
materials have the same origin in both cases, — the inorganic portion of a Globigerina 
Ooze being, indeed, analogous to a Red Clay. 

This conclusion receives further confirmation from the following analysis (Bo. 59a) 
of the portion of the residue soluble in hydrochloric acid, the results of which show 
the presence of argillaceous and ferruginous matter in these calcareous deposits. The 
Globigerina Ooze at Station 338 was submitted to the action of boiling hydrochloric acid 
and a certain quantity of silica, alumina, iron, and manganese was dissolved. After this 
operation there remained 2 ' 2 1 grins, of insoluble residue, and the amount dissolved aud 
re-precipitated by ammonia represented 0'0487 gnn. of silica, 0'0404 grin, of alumina, aud 
0*0917 grm. of peroxide of iron. 

Si0 2 . . . . . 26 *9.4 per cent. 

A1A . ... , 22*34 „ 

FeA . . . . 50-72 „ 

100-00 

The atomic relations of the silica and alumina are here those in which these two 
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bodies are met will in day. The part soluble in hydrochloric acid consists thus of 
day in addition to carbonates, sulphates, and phosphates, with feme hydrate and a small 
euantity of manganese. In this analysis it is eyident that the percentage of iron is 
very high, which is due to the feet that the hydrate of iron is proportionally more 
easily attacked by hydrochloric acid than, day properly so called. 

The loss on ignition cannot be entirely attributed to water ; a part must be referrec 
to organic matters and carbonic acid, and a determination was made with the object of 
estimating the quality of this organic matter in the Globigerina Ooze from Station 224, 
1850 fathoms, the analysis of the residue of which is given above. 

(No. 58) 0"9905 grm. of the substance dried at 100° C. lost on ignition 0*0537 grm. = 

5*42 per cent. 

0*9588 grm. of the substance dried at 100° C. lost on ignition 0*0558 grm. = 5*82 per 
cent. 

(I.) 0*4413 grm. of substance dried at 100° C., burnt with oxide of copper, gave 
0'0453 grm. of carbonic acid, corresponding to 0*01235 grm. of carbon. 

(II.) 0*9012 grm. of substance dried at 100° C., mixed with oxide of copper and burnt 
in a current of carbonic acid (barometer, 743*95 mm., mean temperature, 22 *5 C.) gave 
6*4 cubic centimetres of nitrogen = 0*0753 grm. 

The percentage composition of this organic substance is thus : — 

C 2*80 per cent. 

N 0*785 „ 

The proportion of carbon and nitrogen in this organic substance is 53*48 : 15, which 
is the proportion of these two elements in albumen. 

To conclude then, it may be said that the foregoing analyses confirm the macroscopic 
and microscopic observations in showing a Globigerina Ooze to be a deposit formed 
essentially of the remains of calcareous organisms, while the portion insoluble in dilute acid 
consists of matters similar to those met with in a Red Clay, and having the same origin. 

From the state of our knowledge up to the present time it appears that Globigerina 
Ooze is one of the most widely distributed of the marine deposits, the area which it 
covers being estimated at about 49,520,000 square miles, inferior only to that of the 
Red Clay. It attains its maximum development in the Atlantic Ocean, occupying 
by far the larger portion of the sea-door of this ocean, and stretching from within 
the Arctic Circle to the Southern Ocean as far as 60° S. latitude. The total area of 
Globigerina Ooze in the Atlantic from north to south, is estimated at about 22,500,000 
square miles. . 

In the Indian Ocean, Globigerina Ooze is estimated to occupy about 12,220,000 
square miles, covering nearly the whole of the western portion of the basin, extending into 
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the Arabian Sea and Bay of Bengal in the north and into the Southern Ocean in the 
south. 

In the Pacific Ocean, the area covered by Globigerina Ooze is estimated at about 
14,800,000 square miles. In the western basin of the Pacific it extends from the 
Southern Ocean, in about 55° S. latitude, along the shores of Hew Zealand and Australia, 
in a very irregular and broken manner, to the eastern shores of Japan in the north ; 
there is a detached area in the Central Pacific around the Society Islands, a smaller 
area extending north-west from the Sandwich Islands, and numerous small detached 
patches around the coral island groups. In the south-eastern part of the Pacific, Globi- 
gerina Ooze extends westwards from off the Chilian coast of South America, encircling 
an extensive area of Red Clay, and joins the area of the western basin south-east of Hew 
Zealand, so that it may be said to extend almost uninterruptedly from the shores of 
Japan to the south-west coast of South America. 

An examination of the bathymetrical contour lines on Chart 1 shows that the 
Globigerina Oozes occupy all the medium depths of the ocean removed from continents 
and islands, and is especially developed in those regions where the surface of the sea is 
occupied by warm currents, the only development of the deposit in the Arctic regions being 
in the track of the northern extension of Gulf Stream waters, where in the Norwegian Sea 
this deposit is estimated to cover about 193,000 square miles, the greater part of which 
is within the Arctic Circle. It will also he noticed that the deposit is found at greater 
depths in tropical regions than in more northern or southern latitudes. 

Pteropod Ooze. 

This name was employed by Mr. Murray during the cruise of the Challenger to 
designate those deep-sea deposits in which a very large part of the calcareous organisms 
consists of the dead shells of Pteropods and Heteropods, along with the shells of other 
pelagic and larval Molluscs. One of the most remarkable facts discovered by the Chal- 
lenger is, that though the remains of these pelagic Molluscs are abundant everywhere in 
the surface waters of the tropical and subtropical regions of the ocean, yet their dead 
shells are wholly absent from the deposits in all the deeper waters. A few traces of 
them may be met with occasionally in depths as great as 2000 fathoms, but it is only in 
lesser depths that they make up any appreciable part of a Globigerina Ooze, or are so 
abundant as to justify the distinctive name of Pteropod Ooze. As in the warmer regions 
the appearance of Pteropod and Heteropod shells in a deposit is associated with a depth 
limit and other oceanic phenomena of great interest, it seemed desirable to emphasise 
their occurrence in this way. A Pteropod Ooze is then distinguished from a Globigerina 
Ooze, with which it has so many points of resemblance, by the presence of these shells. 

The following is a list of the Pteropod and Heteropod shells that may be found in a 
Pteropod Ooze ; — 
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Pteropoda . 1 


Limacina inflata (d’Orbigny). 

„ triacantha (Fischer). 

„ helicina (Phipps), 

„ antarctica, Woodward. 

„ helicoides, Jeffreys. 

„ lesueuri (d’Orbigny). 

„ australis (Eydoux and Souleyet). 
„ retroversa (Fleming). 

„ trochiformis (d’Orbigny). 

„ bulimoides (d’Orbigny). 

Peraclis reticulata (d’Orbigny). 

„ Mspinosa, Pelseneer. 

Clio ( Creseis ) virgula (Rang). 

„ ( „ ) conica (Eschseholtz). 

„ ( „ ) acicula (Rang), 

„ ( „ ) chierchiw (Boas). 

„ (Hyalocylix) striata (Rang). 

.. „ ( Styliola ) subula (Quoy and Gaimard). 


Clio andrese (Boas). 

„ polita (Craven, MS.). 

„ balantium (Rang). 

„ chaptali (Souleyet). 

„ australis (d’Orbigny). 

„ sulcata (Pfeffex). 

„ pyramidata , Linn4. 

„ . cuspidata (Bose). 

Cuvierina columnella (Rang). 

Cavolinia trispinosa (Lesueur). 

„ quadridentata (Lesueur). 

„ longirostris (Lesueur). 

„ globulosa (Rang). 

„ gibbosa (Rang). 

„ tridentata (Forsk&l). 

„ uncinata (Rang). 

„ inflexa (Lesueur). 


Carinaria cristata (Linne). 

„ fragilis, St. Vincent. 

„ lamarcTcii, Peron and Lesueur. 

„ depressa, Rang. 

„ australis, Quoy and Gaimard. 

„ galea, Benson. 

,, cithara, Benson. 

„ punctata, d’Orbigny. 

,, gaudichaudii , Eydoux and 

Souleyet. 

„ atlantica, Adams and Reeve. 

,, cornucopia, Gould. 

Atlanta peronii, Lesueur. 

,, turriculata, d’Orbigny. 

,, lesueurii, Eydoux and Souleyet. 

,, involuta, Eydoux and Souleyet. 

„ inflata, Eydoux and Souleyet. 


Heteropoba . 2 

Atlanta inclinata, Eydoux and Souleyet. 

„ helicinoides, Eydoux and Souleyet. 
„ gibbosa, Eydoux and Souleyet. 

„ gaudichaudii, Eydoux and Soule- 
yet. 

„ fusca, Eydoux and Souleyet. 

„ depressa, Eydoux and Souleyet. 

„ rosea, Eydoux and Souleyet. 

„ quoy ana, Eydoux and Souleyet. 

,, mediterranea, Costa. 

,, violacea, Gould. 

,, tessellata, Gould. 

„ primitia, Gould. 

„ cunicula, Gould. 

,, souleyeti, Smith. 

Oxygyrus keraudrenii (Lesueur). 

rangii, Eydoux and Souleyet. 


In addition to the shells of the species in the above lists, there are a number of other 
shells not usually met with in the deeper Globigerina Oozes, which may be recognised as 

1 Pelseneer, Report on the Pteropoda,' Zool. Chall. Exp., pt. lxv. 

Smith, Report on the Heteropoda, Zool. Chall Exp., pt. lxxii. • 
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contributing to the formation of a Pteropod Ooze, -viz., the shells of Ianthina, larval 
Gasteropoda, and the remains of some of the more delicate shells of pelagic Foraminifera, 
Comdeina nitida, fox instance. In one or two soundings of less than 1500 fathoms 
far removed from land, the Pteropod, Heteropod, and other delicate shells here referred 
to, appear to make up fully 30 per cent, of the deposit. In all deposits near continents 
and islands, where tropical oceanic waters occupy the surface, they are more or less 
abundant, though not unfrequently their presence is completely masked by the large 
quantities of other matters making up the deposits. In consequence of this it arises that 
a Pteropod Ooze formed in shallow water far from land differs very widely from one 
formed near to a continental shore or around an oceanic island. In oceanic regions the 
deposit approaches in constitution to a Glolbigerina Ooze, being, however, more friable 
and granular, and less homogeneous and uniform, from the presence of these larger 
shells, hut the mineral particles are the same as in a Glohigerina Ooze from the same 
region. Near the coast line the Pteropod deposits resemble tl\e terrigenous deposits 
in the large number of shore materials and organisms which enter into their compositiou, 
the mineral particles being to a great extent the same as in Blue Muds, Green Muds, and 
Yoleanic Muds, or fragments from coral reefs and calcareous organisms from shallow water 
may make up a large part of the deposit. 

In the Tables of Chapter II. 13 samples of Pteropod Ooze are described. These range 
in depth from 390 fathoms at Station 24 to 1525 fathoms at Station 3, the average being 
1044 fathoms. 

2 are from depths less than 500 fathoms. 

3 „ from 500 to 1000 „ 

7 >, . » 1000 „ 1500 „ 

1 „ over 1500 „ 

The carbonate of lime ranges from 5 2 '2 2 per cent, in 900 fathoms to 9 8 ‘4 7 per cent, in 
1240 fathoms, and averages 79 - 25 per cent. In these samples it is estimated that the car- 
bonate of lime derived from pelagic Foraminifera averages 47T5 per cent, of the whole 
deposit, that from the bottom-living Foraminifera 3‘15 per cent., and from the other organ- 
isms, including the Pteropods, Heteropods, and Coccoliths and Ehabdoliths, 2 8 ‘95 percent. 

Globigerinidse, Pulvinulina, Pteropods, and Coccoliths are present in all cases (13), 
Miliolidae, Eotalidse, Echinoderm fragments, and Ehabdoliths (12), Textularidae, otoliths 
of fish, Gasteropods, Heteropods, and Ostraeodes (11), Lagenidae and Lamellibranchs (10), 
Polyzoa (8), Dentaliimi and Coral fragments (4), Nummulinidae and Coecospheres (3), 
and Cirripeds, Alcyonarian spicules, and Cephalopod beaks each in one case. 

The residue left on removal of the carbonate of lime is red or brown in the majority 
of cases, while the deposit itself is white or dirty white in most instances. The average 
percentage of the residue is 20 75, being complementary to the quantity of carbonate of 
lime present. 

(deep-sea deposits chaj.l, exp. — 1890.) 


29 
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The remains of siliceous organisms in these samples range from 1 per cent, in 6 cases 
to 20 per cent, in 1525 fathoms, and the average is 2 - 89 per cent. They consist of 
Sponge spicules, Radiolaria, Diatoms, casts of Foraminifera, and arenaceous Foraminifera. 

The mineral particles are all angular, and range from less than 1 to 10 per cent, the 
average being 2‘85 per cent. In size they vary from 0'06 to 0*10 mm. in diameter, 
the average being 0’08 mm. These mineral particles consist of magnetite and augite ill 
11 instances, felspar and hornblende (8), sanidine, volcanic glass, and lapilli (6), 
plagioclase and mica (5), pumice (4), manganese (3), quartz (2), and olivine, altered 
mineral particles, and chloritic scales (1). 

The fine washings range from a trace in 1240 fathoms to 4178 per cent, in 900 
fathoms, the average being 15-01 per cent. 


The average composition of the Challenger samples of Pteropod Ooze is as 

i follows : — 

! 

f Pelagic Foraminifera, 

47-15 


Carbonate of lime, . . < 

, Bottom-living Foraminifera, 

3-15 


1 

[ Other organisms, 

28-95 





79-25 


Siliceous organisms, . 

2-89 


Residue, . . . - 

Minerals, .... 

2-85 



Fine Washings, 

1501 




— 

20-76 




10000 


By comparing this with the table showing the average composition of Globigerina 
Ooze on page 218, it will be observed that Pteropod Ooze differs from Globigerina Ooze 
m the residue being less abundant and, chiefly, in the relatively large percental of 
calcareous organisms other than Foraminifera. 


The Challenger dredges and trawls brought up pieces of pumice in 4 instances from 
tuese deposits, and manganese nodules and organisms coated with manganese in 3 cases 
as well as a large number of deep-sea anim als ’ 

f , J* 6 of samples of Pteropod Ooze are from Station 22, 1420 

fathoms, Station 23, 450 fathoms, and Station 24, 390 fathoms. 


1 . ... 


1 

1 

| 

I 

ORTION SOLUBLE IN HC1. 

Portion insoluble in HC1. 

c 

'*5 

& 

U1 

il 

No. 

c s 
* *-+3 

31 

t— i 

Si0 2 

AI 2 O 3 


Mn0 2 

CaC0 3 

CaS0 4 

Caj 2 P 04 

MgCO* 

Total. 


22 

23 

24 

1420 

450 

390 

60 

61 

62 

3- 80 

4- 00 

200 

! 4*14 

2*60 

3-65 

4* 

1*80 

0-80 

> 

£2 

3-00 

3-06 

! ... 

80*69 

84-27 

| 82-66 

0- 41 

1- 00 

0-73 

2-41 

g.tr. 

2-44 

0-68 

1*28 

0-76 

92- 75 

93- 95 

94- 10 

, , .3*45 

Al 2 03,Fe 2 03,Si02, , . ,2*05 

^203 5 Fe 2 0 8 ,Si0 2; . .... . ,3*90 


In No. 62 the finer parts had been washed away. 



BEPOHT ON THE DEEP-SEA DEPOSITS. 


227 


These analyses represent the composition of the three deposits as almost identical. 
In the first place, they are specially characterised by the high percentage of carbonate of 
lime, much higher than the average percentage in a Globigerina Ooze, which in this case 
must be attributed to the presence of Pteropod, Heteropod, and other delicate and larger 
shells, which are absent or rare in the last-named deposit. Having regard to the 
quantities of alumina, silica, and iron, there can be but little argillaceous and ferruginous 
matters present, and the loss on ignition can most probably be referred to the organic 
matter associated with the calcareous shells. There is nothing special to remark regard- 
ing the sulphate and phosphate of lime, and carbonate, of magnesia. These have, it is 
evident, the same origin as in the case of the Globigerina Oozes; it may be noted, how- 
ever, that the magnesia does not augment with the proportionally great increase of 
carbonate of lime . 1 

As the soluble portion rises to a mean of more than 93 per cent, of the whole 
deposit, few anhydrous minerals could be expected in the insoluble portion, and indeed 
no quantitative analysis has been attempted of the 3 per cent, of which it is made up. 

With reference to the Pteropod Ooze, it may be here stated that with the view of 
determining whether or not these shells contained mineral matters other than carbonate of 
lime, an analysis was made of a number of the shells of Cmolinia taken at the surface of 
the sea and still containing the animal. After having removed with all possible care the 
whole of the animal matter, these shells were analysed, and we were able to detect, iu 
addition to the carbonate of lime, only traces of iron and of organic matter. 

From all the foregoing considerations, then, wc arrive at the conclusion that a Pteropod 
Ooze differs from a Globigerina Ooze only in the larger percentage of carbonate of lime, 
and it has already been pointed out that this is due to the greater abundance of the more 
delicate shells of pelagic organisms. 

Pteropod Ooze was found by the Challenger Expedition only in the Atlantic Ocean. 
It was met with in its most typical form on the central ridges of the Atlantic, where the 
depths did not exceed 1400 fathoms; in these regions it is estimated to cover about 400,000 
square miles of the sea-floor. Had the Challenger been fortunate enough to discover 
similar ridges far from land in the tropical and subtropical regions of the Pacific, they 
would in all probability have been found to be covered by Pteropod Ooze. In nearly all 
eases these shells are very numerous in the shallower depths near tropical lands, but 
usually they are not in sufficient abundance to give a distinctive character to the deposit, 
being masked by the large quantity of other more rapidly accumulating materials either 
of an organic or inorganic nature. In some exceptional cases, however, as off coral reefs 
and oceanic islands, they are sufficiently abundant to allow of the deposit being called a 
Pteropod Ooze, for instance, off the Antilles and the Azores in the Atlantic, and off some of 

1 See pp. 200, 201. 
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the Fiji and other islands of the Pacific.. Indeed many inter-tropical islands are apparently 
surrounded, between depths of 400 and 1400 fathoms, by deposits which might in most 
cases be called Pteropod Oozes. In northern temperate and polar regions this deposit 
could not occur, as the shells do not live in the surface waters of these regions in sufficient 
abundance. 

- II, Terrigenous Deposits. 

At the outset of this chapter it was pointed out that all marine deposits might be 
divided into two great groups, viz., Pelagic and Terrigenous (see pp. 185 and 186). It was 
likewise stated that the terrigenous deposits were for the most part made up of materials 
immediately derived from the great land masses, which had been subject, in a greater or 
less degree,, to the mechanical effects of erosion. A very large part of the terrigenous 
deposits does not, however, fall to be considered in detail in this work, which is limited to 
a description of deep-sea deposits, or, according to our definition of the term, to those 
deposits forming in the ocean beyond a depth of 100 fathoms. The terrigenous deposits 
of the littoral and shallow-water zones surrounding the land are primarily of the same 
nature as those forming in the deep-sea zone. In consequence, however, of the different 
physical conditions prevailing in these three zones, the deposits are more diverse, 
heterogeneous, local, and coarser in the shallower zones than in the deeper one, for the 
deposits become more and more uniform, homogeneous, fine grained, and widely distri- 
buted as the deep water of the ocean basins is approached.. 

It is well known that fresh water carries a much larger amount of sediment in 
suspension than salt water, and that wherever a mixture of these waters takes place along 
the borders of the continents almost the whole of the sediment falls rapidly to the bottom, 
thus contributing a great mass of material to the terrigenous deposits in process of forma- 
tion. 1 Murray and Irvine 2 have shown that a considerable quantity of clayey matter can 
be held in suspension in sea- water, the amount being greater in waters of a low, than in 
waters of a high, temperature, and they point out that Eadiolarians and Diatoms probably 
obtain their silica from this source. This does not, however, in any way lessen the import- 
ance of the fact that the great bulk of detrital matters borne from the land to the ocean 
is deposited in somewhat close proximity to the coasts. The combined effect of rivers, 
winds, waves, currents, and tides on the materials of the land and shallow- water areas, is 
to transport all the fine particles out to depths in which they may f all to the bottom in 
comparatively still water, and where they may accumulate in the form of various kinds 
of muds. .We have seen that while the depth at which these muds form in enclosed seas 

1 Scheerer, Pogg. Ann, Bd. kxrii. p. 419, 1851 ; Fr. SehuLze, Ibid., Bd. czx±c p. 368, 1866 ; Sidell in Abbot 

and Humphreys’ Beport on the Mississippi, App. A. No. 2, 1876 ; Hilgard, Arner. lowm. Sci, ser. iii yoI. zvii. p. 205 
1879 ; Brewer, “ On the Subsidence of Particles in Liquids,” Mem. Nat. Acad. Sci., Washington, Yol. ii. p. 165, 1883. * 

2 “ Silica and Siliceous Organisms in Modern Seas,” Proa. Eoy. Soc. Edin., 1891 ; see also Chapter VI. 
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or estuaries may be only a few fathoms, yet along all the continental shores facing the 
great ocean basins the average depth of the mud-line may be taken at 100 fathoms. 

It is then with deposits formed chiefly of the fine detrital matters beyond the 100- 
fathom line, which are termed deep-sea terrigenous deposits, that we have especially to 
deal in this place. They are laid down on what may be called the continental slope, 
or that area of the earth’s surface extending from the 100-fathom line down to the 
depressed level of the ocean basins at an average depth of two and a half miles. At 
their lower limit they pass gradually into the pelagic deposits without any sharp line of 
demarcation, and at their upper limit they are continuous with the shallow-water 
deposits of the continental shelf. 

The terrigenous deposits as a whole are estimated to cover an area of 28,662,500 
square miles of the ocean’s floor, as follows : — 

Terrigenous deep-sea deposits (laid down on the continental 

slope beyond 100 fathoms), 18,600,000 eq. m. 

„ - shallow-water „ (laid down on the continental 

shelf within 100 fathoms), . 10,000,000 „ 

,, littoral „ (laid down between tide 

marks), .... (52,500 „ 

Bum Mud. 

This name has been adopted for the deposits most frequently met with in the 
deeper waters surrounding continental land, and in all enclosed or partially enclosed seas 
more or less cut off from free communication with the open ocean. The materials of 
which the Blue Muds are principally composed are derived from the disintegration of 
continental land, and are very complex in character. When collected this deposit is blue 
or slate coloured, with an upper red or brown coloured layer, which had been in immediate 
contact with the water. The blue colour is due to organic matter and sulphide of iron 
in a fine state of division, and these muds have, as a rule, when taken from the sounding 
tube or dredge, a smell of sulphuretted hydrogen. The red or brown colour of the thin 
watery upper layer is evidently due to the presence of ferric oxide or ferric hydrate, but 
as the deposit accumulates this oxide is transformed into sulphide and ferrous oxide in 
the presence of organic matter in the underlying layers. When dried the deposit becomes 
grey or brown, owing to the oxidation of the sulphide of iron. Sometimes the samples 
are homogeneous, at other times the aspect is heterogeneous, owing to the presence of 
large fragments of rocks and shells and small fragments of calcareous organisms. When 
wet the deposit may be plastic, and behave like a true clay, but as a rule these muds may 
be described rather as earthy than as clayey. They may contain from only a trace to 
85 per cent, of carbonate of lime. 
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Among tlie Challenger deposits described in the Tables of Chapter II. there are 
58 examples of Blue Mud. These range from 125 to 2800 fathoms, the average depth 
being 1411 fathoms. 

12 are from depths less than 500 fathoms. 


6 

)t 

from 

500 to 1000 

3) 

15 

)> 

3) 

1000 „ 1500 

33 

6 

31 

3) 

1500 „ 2000 

33 

20 

3) 

33 

2000 „ 2500 

33 

9 . . 

3} 

over 

2500 ' 

33 


27 of these examples are called blue-grey in colour, and 18 grey. 

The carbonate of lime ranges from the merest trace in 2650 fathoms and lesser depths 
to 34*34 per cent, in 500 fathoms, the average being 12*48 per cent. This -would seem 
to indicate a gradual decrease in the quantity of carbonate of lime with increase of 
depth, as in the case of purely pelagic deposits, but arranging the percentages in groups 
of 500 fathoms, it will he seen that there is a marked departure from this rule, as might 
indeed be expected, considering the varied origin of these coast deposits and the varying 
amount of river detritus and organic remains in different situations. 


TJnder 500 fathoms, 

Prom 500 to 1000 „ 

„ 1000 „ 1500 

„ 1500 „ 2000 

„ 2000 „ 2500 

Over 2500 „ 


10-61 average per cent. CaC0 3 . 
10-85 
18-94 
9-41 
10-86 
10-53 


Of the organisms which yield the carbonate of lime in these Blue Muds the pelagic 
Foraminifera make up on an average 7*52 per cent., the bottom-living Foraminifera 1*75 
per cent., and other carbonate of lime remains 3'21 per cent. In some cases the pelagic 
Foraminifera make up as much as 25 per cent, of the whole deposit, while in others no 
trace of them can he detected. The bottom-living Foraminifera may make up 10 per cent. , 
and, again, the other calcareous remains 16 per cent, of the deposit. The shells of pelagic 
species, which make up so large a part of a Globigerina Ooze, are not abundant nor 
universally distributed in the Blue Muds, the remains of shallow-water or bottom-living 
organisms predominating in many cases. The organisms most frequently mentioned are the 
shells of Globigerinidse, Rotaliclae, Lagenidse, Miliolidse, Textularidse, hTummulinidse, Lamel- 
libranchs, Gasteropods, Ostracodes, Echinoderm fragments, Coccoliths, and Rhabdoliths. 

The residue left after treating the deposits with dilute hydrochloric acid is chiefly 
brown or grey ; in 19 cases it was a shade of brown, in 15 a shade, of grey, in 7 it was 
green, and in 5 it was blue. In 9 eases there was no carbonate of lime or only traces, 
and consequently no residue apart from the deposit itself. The mean percentage of 
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residue is 87*52, and the range with respect to depth is the reverse of that given for the 
carbonate of lime. 

With reference to the siliceous organisms in the Blue Muds, these are estimated in 
the Tables as ranging from 1 per cent, in seyeral instances to 15 per cent, in two cases, 
the average for the whole being 3*27 per cent. These organic remains consist of the 
frustules of Diatoms, Radiolarians, Sponge spicules, arenaceous Foraminifera, and casts of 
the carbonate of lime organisms in glauconite or some allied silicate. 

The mineral particles are mostly derived from the adjacent lands, and eonsist largely 
of the fragments and minerals of the various rocks forming the continents. The size of 
the mineral and rock particles varies much with the position ; they are as a rule larger 
near the shore, and smaller as the deep sea is approached, except in those regions 
affected by floating ice. More than half of the deposit is in many cases made up of the 
mineral particles, consisting largely of rounded grains of quartz. 

In the Challenger samples the mineral particles are stated to be angular in 32 eases, 
rounded in 3 cases, and in 21 cases to be’ angular and rounded. The size varies from 
0*06 to 0*30 mm. in diameter, and the average diameter is 0*115 mm. The percentage 
is very variable, ranging from 1 per cent, in several eases to 75 per cent, in one 
instance, the moan percentage being 22*48. 

It may be noticed here that quartz particles, which are relatively rare, not discernible, 
or absent in typical pelagic deposits, are the most abundant among the mineral particles of 
these terrigenous deposits, which are further characterised by the presence of particles of 
older crystalline or schisto-crystalline rocks, quartzite, sandstones, limestones. Among the 
minerals we observe, besides quartz, orthoelase and plagioclase, green hornblende, augite, 
white and black mica, epidote, chloritic scales, zircon, tourmaline, &c. Glauconite cannot 
be considered characteristic of Blue Muds, hut is to he found in nearly all of them, 
though in limited quantity compared with what is met with in those other terrigenous 
deposits called Green Muds. 

The fine washings range from 16*11 per cent, to 97*00 per cent., the average being 
61*77 per cent. The fine washings in the Blue Muds are probably always less abundant 
than in the Bed Clays and Radiolarian Oozes. 

The following table is arranged to show the average percentage of the minerals and 
fine washings, as also the average size of the mineral particles, for successive groups of 
500 fathoms : — 



Minerals. 

Size, 

Fine Washings. 

Under 500 fathoms, 

29*08 

0137 mm. 

53*22 

500 to 1000 

3018 

0*102 „ 

56*48 

1000 „ 1500 

19*77 

0*118 „ 

58*29 

1500 „ 2000 „ 

23*33 

0115 „ 

62*25 

2000 „ 2500 

18*00 

0119 

66*23 

Over 2500 

16*89 

0*087 ' 

69*46 
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It will be noticed that the fine washings increase with the depth, while the abundance 
of mineral particles and their mean diameter are irregular, though on the whole they 
diminish in size and abundance with greater depth, and greater distancefrom land, where 
the sea is not affected by floating ice. It must be noticed also that in the neighbour- 
hood of some continental shores, where there are many volcanic rocks, the deposits are 
marl ft up to a great extent of the disintegrated parts of these rocks, and thus cannot be 
distinguish ed from the Volcanic Muds formed around volcanic islands . 1 

The following table shows the average composition of the Challenger samples of 
Blue Mud, audit will be seen that, compared with the similar table for Red Clay, the 
percentage of minerals, is much higher and the fine washings less abundant : — 


{ Pelagic Foramiuifera, . 
Bottom-living Foraminifera, 
Other organisms, 

{ Siliceous organisms, 
Minerals, 

Fine washings. 


7-52 

1-75 

3-21 

12-48 

3-27 

22-48 

61-77 

87-52 


10000 


The following are analyses of two samples of Blue Mud, one from the Pacific, the 
other from the Atlantic 



Portion soluble is HOI, 

Portion insoluble in HCL 

1 

Depth in 
Fathoms, 

No. 

Loss on 
Ignition. 

Si0 2 

AI 2 O 3 

Xefit 

Mh 0 2 

CaCO a 

CaS0 4 

C%2P0 4 

MgC0 3 

Total. 

SiOo 

Al 3 Oa 

FajOg 

CaO 

MgO 

Total. 

213 

2050 

63 

4*92 

23*52 

7*75 

7*50 

g. tr. 

1-75 

0*58 

tr. 

1-14 

42-24 

39-84 

7*33 

3-73 

1-63 

0*31 

52-84 

323 

i_ 

1900 

64 

5*60 

! 28 '20 

5-50 

5-61 

... 

2*94 

0*42 

1-39 

0-76 

44-82 

36-00 

8-05 

2-77 

2-51 

0-25 

49-58 


No. 63 is of material obtained from the trawl, No, 64 from tow-net at trawl. 


These two analyses show a striking difference when compared with those of pelagic 
deposits. The quantity of insoluble residue is much greater than the average in deposits 
from similar depths further removed from land, for it will be seen that it makes up in 
these two cases about one-half of the deposits. This indicates a higher percentage of 
mineral particles not decomposable by hydrochloric acid, and may be attributed to the 
presence of the minerals and rocks from continental lands, in which quartz plays the 
most importaut part, thus being in accord with what we have just said as to the origin of 
this deposit. In the portion soluble in acid we have the hydrated silicate of al umina and 
ferric oxide, hut in these two analyses the percentages of these substances are less than 


i See PI. XI. fig. 2 ; PI, XXVII. fig. 4. 
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the average found in a Red Olay. The excess of silica must, as in the other deposits, 
be attributed to the presence of siliceous organisms. The carbonate of lime is due, as in 
pelagic deposits, to the shells of calcareous organisms ; the presence of carbonate of mag- 
nesia and sulphate and phosphate of lime is to be interpreted in the same manner as in the 
case of these substances in the pelagic deposits. 1 In the insoluble portion the excess of 
silica must be attributed to quartz, but besides there are present anhydrous silicates, •which 
microscopic examination showed to be monoclinic and triclinic felspars, mica, augite, 
magnetite, hornblende, and the debris of pumice. 

An additional analysis of a sample of the Blue Mud from Station 323, in 1900 
fathoms, gave the following results : — 


Station. 

Depth in 
Fathoms. 

No. 

SiO a 

£ 

t9 

o 

to 

!F0<jOg 

Phosphoric and 
Sulphuric Acids. 

CaO 

MgO 

KaO 

Na*0 

Loss on 
Ignition. 

Total. 

323 

1900 

65 

59*64 

19*42 

7-15 

traces, 

m 

1-93 

1*35 

2-68 

5-24 

99*99 


If this analysis be compared with the preceding one from the same station, some 
differences will be perceived, the total amount of silica in analysis No. 64 being 64*20 
per cent., and in No. 65, 59*54 per cent. ; alumina, 13'55 per cent, and 19*42 per cent. 
Although the general result may lead in the two cases to the same interpretation as 
to the essential mineralogical composition of the deposit, these divergences show how 
much different samples of the deposit may vary even from the same dredging, and how 
difficult it is to pronounce upon the mineral nature of a deposit solely by chemical 
analysis. The variations in the composition of the deposit from the same trawling or 
dredging may arise from some portions being from deeper layers than others, or from 
differences of depth and position when the instrument was being dragged over several 
miles. The mode of collection and preservation, by separating the finer and coarser parts 
of the same sample, may also give rise to differences in the analyses. This remark may 
be applied to all the deposits, as already stated, but particularly to the terrigenous 
deposits which, according to the conditions of formation, are seldom so homogeneous as 
the pelagic deposits. 


The Blue Muds surround nearly all coasts and fill nearly all enclosed seas, like the 
Mediterranean, and even the Arctic Ocean ; of all the terrigenous deposits they occupy 
by far the largest area of the earth's surface, being estimated to cover about 14,500,000 
square miles, of which the Arctic Ocean would contain about four millions of square miles, 
the Pacific three millions, the Atlantic two millions, the Indian one and a half millions, 
the Southern one and a half millions, and the Antarctic about two and a half millions of 
square miles. The geographical position of these muds is represented on Chart 1. 


1 See pp. 200, 201. 


30 


(ds ip-sea deposits chall. exp. 1890.) 
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Eid Myd. 

Along the Brazilian coast of South America the terrigenous deposits off shore are 
different from the deposits found in similar positions along other continents, in that they 
are all of a red-brown or brick-red colour, in place of blue or green coloured, as is 
usually the case. The red colour of the deposits appears to be produced by the large 
quantity of ochreous matter carried into the ocean by the Amazon, Orinoco, and 
other South American rivers, and distributed by oceanic currents along these coasts. 
Although organic matters are probably as abundant in these as in the deposits along 
other coasts, still they do not seem to be sufficient to reduce the whole of the peroxide 
of iron to the state of protoxide, nor does sulphide of iron accumulate here as in the 
case of the Blue Muds, in both of which respects these Red Muds resemble the Red Clays 
of the abysmal regions. It is a remarkable fact that we do not find in these red deposits 
a trace of the peen coloured glauconitic casts of Foraminifera and other calcareous 
organisms, nor any of the glauconite grains which usually accompany these casts in 
other terrigenous deposits. There are a few spicules of siliceous Sponges, but frustules 
of Diatoms and the remains of Radiolarians are exceedingly rare, or wholly absent. As 
regards the calcareous organisms, and mineral particles other than glauconite, they do 
not appear to differ from those present in the Blue or Green Muds. 

Of these Red Muds 10 samples are described in the Tables of Chapter II. These are 
from depths varying from 120 to 1200 fathoms, the average depth being 623 fathoms. 

3 are from less than 500 fathoms. 

5 „ between 500 and 1000 „ 

2 „ over 1000 „ 

In colour they are all red-brown. The carbonate of lime in these samples ranges from 
575 to 6079 per cent., the average being 3278 per cent. The amount of carbonate of 
lime in the different samples is more in relation to the nearness or distance from the 
mouths of rivera than to the depth from which the samples were taken. The carbonate 
of lime derived from the shells of pelagic Foraminifera ranges from 3 to 30 per cent., the 
average being 13'44 per cent.; that derived from bottom-living Foraminifera ranges from 
1 to 8 per cent., and averages 3 - 33 per cent. ; that from other organisms ranges from 175 
to 4075 per cent., the average being 15‘51 per cent. 

The residue is in all cases reddish brown or yellow; it ranges from 3971 to 9475 
per cent, of the whole deposit, the average being 6772 per cent. Siliceous organisms 
are relatively very rare, and in no case are they estimated to make up more than i per 
cent, of the whole deposit ; they consist almost exclusively of Sponge spicules and a few 
arenaceous Fora minif era. With some doubtful exceptions, Diatoms were not observed 
during the examination of these deposits. 
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The mineral particles range from 10 to 25 per cent., the average being 21*11 per 
cent. The particles are rounded and angular ; in size they vary from 0*0/ to 0*30 mm. in 
diameter, the average being 0*15 mm. Quartz is the most abundant mineral, and the 
other minerals are similar to those found in the other terrigenous deposits along con- 
tinental shores. 

The fine washings range from 28*21 to 68*25 per cent., the average being 45*61 
per cent. 

By arranging the amount of minerals, their size, and the fine washings according 
to depth, it is seen that the mineral particles are larger and the amount of fine washings 
less in the shallower depths. 

Minerals. Size. Fine Washings. 

Under 500 fathoms, . 20 per cent. 0*30 mm. 33*37 per cent. 

500-1000 „ . 20 „ 0*126 „ 49*04 

Over 1000 „ . 25 „ 0*075 „ 49*24 „ 


The following table shows the average composition of the Challenger samples of Red 
Mud : — 


{ Pelagic Foraminifera, .... 13*44 

Bottom-living Foraminifera, . . . 3*33 

Other organisms, ..... 15*51 

( Siliceous organisms, . . . .1*00 

Residue, . .< Minerals, . . . . . .21*11 

Fine washings, ..... 45*61 


32*28 


67*72 


100*00 

The following analysis was made to determine the chemical composition of a Red 
Mud, from Station 120, 675 fathoms : — 



In combining the carbonic acid with the oxide of calcium indicated by the analysis 
we obtain 38*93 per cent, of carbonate of calcium, with an excess of oxide of calcium, 
which may come from the silicates containing lime, or from the phosphate and sulphate 
of lime. There must be, according to the analysis, a relatively large quantity of argillaceous 
matter and hydrated peroxide of iron in the deposit, and free silica in the form of quartz 
or hydrated silica from organic remains. The presence of alkalies indicates that alkaline 
silicates are among the minerals, as indeed was shown by microscopic analysis, but a good 
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deal of the percentage of alkalies must "be referred to the presence of sea-salts retained in 
the deposits, as is shown by the following experiment. 

In speaking of the analyses of Eed Clay and Globigerina Ooze, it was pointed out 
that, in their examination, the sea-salts that might be retained in the deposits should be 
taken- into account. In order to arrive at an approximate notion on this point, the 
following determinations were made with a specimen of the Eed Mud from Station 120, 
675 fathoms, of which we have just given the analysis. The substance was washed with 
warm and cold distilled water till the water no longer gave the reaction of chlorine. It 
was afterwards pulverised and treated with hydrofluoric and sulphuric acids. 1 ‘4088 grms. 
of substance dried at 100° C. gave 0‘0496 grin, of chloride of sodium and potassium, and 
0T013 grm. of ehloroplatinate of potassium, which corresponds to 0’0195 grm. of oxide 
of potassium and 0'0099 grm. of oxide of sodium — 

[No. 55.] NasO . . . . 0’70 per cent. 

K 2 0 . . . . 1-38 

In comparing this analysis with that given above, so far as regards the alkalies, it will 
be seen that there is about 1 per cent, more oxide of sodium in the unwashed than in 
the washed sample, which is doubtless due to the presence of chloride of sodium. 

The Red Muds probably occupy along the Brazilian coast about 100,000 square miles 
of the sea-bed. Similar red deposits are formed in the Yellow Sea off the Chinese coast 
near the mouth of the Yang-tse-kiang. 

Green Muds and Sands. 

In their composition, origin, and distribution these deposits resemble in many 
respects the Blue and Red Muds. Their chief characteristic is the presence in them of 
a greater or less abundance of glauconitic grains and glauconitic casts of the calcareous 
organisms. There is also in these muds, mixed with glauconite, a greenish amorphous 
matter, which in part at least appears to be of an organic nature, for it blackens on being 
heated on platinum foil, leaving an ash coloured by oxide of iron. These muds and 
sands are almost always developed along bold and exposed coasts, where no very large 
rivers pour their detrital matters into the sea. 

The collections of the “ Tuscarora ” indicate that in depths of 100 to 400 fathoms, off 
the coast of California, there are black sands which, if the specimens be in the state in which 
they were collected, are almost wholly composed of particles of dark green glauconite. 
The average diameter of the grains is about 0‘6 mm., and mixed with them are a few 
Foraminifera and mineral particles of the same dimensions. It is rare, however, to find 
pure glauconitic sands like these, for the deposits contain, as a rule, many remains of 
calcareous organisms, mineral particles from the continental rocks, and a considerable 
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quantity of clayey matter. This fine clayey or detrital matter appears always to be 
less abundant than in a characteristic Blue Mud. These Green Muds and Sands do not 
occur in very deep water ; deposits which may be classed under this head are usually 
met with between the depths of 100 and 900 fathoms. It is true that glauconite is 
found in both lesser and greater depths than these, but not in sufficient abundance to 
constitute a Green Mud or Sand. Along coasts where Green Muds are laid down pelagic 
conditions appear to approach much nearer to the shores than where the Blue Muds 
prevail; to such an extent is this the case, that were it not for the presence of glauconite 
and the nature of the mineral particles, many of the Green Muds might equally well be 
called Globigerina Oozes. 

Whenever there is a large quantity of ferric hydrate in a terrigenous deposit, as 
off the Brazilian shores, or whenever the deposit is chiefly made up of river detritus 
that hears evidence of Laving accumulated at a rapid rate, glauconitic matter is either 
absent or only developed to a very small extent, and, as has already been pointed out, 
it is rare or absent in pelagic deposits. On the other hand, when there is a large 
number of the fragments . of ancient rocks that have apparently been for a long time 
exposed to the action of sea-water, and have consequently undergone much alteration, 
then glaueonitie grains and glauconitic casts of the calcareous organisms are usually 
abundant ; phosphatic concretions are also found in the same positions, and there is always 
evidence of other organic matters. These conditions are as a rule met with along high 
and bold coasts removed from the embouchures of large rivers, as has already been stated. 

Green Muds . — In the Tables of Chapter II. there are described 22 samples of Green 
Mud. The depths range from 100 to 1270 fathoms, the average being 513 fathoms. 

13 are from less than 500 fathoms. 

6 „ depths between 500 and 1000 „ 

3 „ over 1000 „ 

In the majority of cases the colour is green, or a tinge of green ; two samples are 
described as of a grey colour. 

The carbonate of lime ranges from a trace in several cases to 56T8 per cent., the 
average being 25*52 per cent. In depths under 500 fathoms the mean percentage is 23*92, 
from 500 to 1000 fathoms it is 25*77, and in depths over 1000 fathoms, 32*73, so that 
there is an increase of carbonate of lime with increasing depth and distance from the 
shore. The carbonate of lime derived from the shells of pelagic Foraminifera ranges 
from 1 to 35 per cent., the average being 14*59 per cent. ; that derived from bottom- 
living Foraminifera ranges from 1 to 15 per cent., the average being 2*94 per cent.; 
that derived from the remains of other organisms ranges from 1 to 31*18 per cent., and 
averages 7*99 per cent. 
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The residue of the Green Muds, after the removal of the carbonate of lime, ranges 
from 43*82 to 100 per cent., the average being 74*48 per eenfc, and is of a distinct green 
colour. 

The siliceous organisms range from 1 to 50 per cent., the average being 13*67 per 
cent., and consist of the remains of Diatoms, Radiolaria, Sponge spicules, arenaceous 
Foraminifera, and the glauconitic casts of the calcareous organisms. 1 

The mineral particles range from 1 to 80 per cent, of the whole deposit, the average 
being 27*11 per cent. With the exception of the glauconite grains they are mostly 
angular, varying in diameter from 0*06 to 0*20 mm., the average being 0*13 mm. 
Quartz, monoelinie and triclinic felspars, magnetite, hornblende, and augite are the most 
abundant, but the presence in these Green Muds of tourmaline, zircon, and garnet is 
very characteristic, and we may say the same of the fragments of continental rocks 
which are also very frequent. 2 It may he noticed that in the Green Sands there are 
frequently nodules and smaller concretions of phosphate of calcium. 3 

The fine washings vary from 9*69 to 84*05 per cent., the average being 33*70 per 
cent. 

The following table gives the average percentage of minerals and fine washings and 
the average size of the minerals allocated to depth 

l - ' Minerals. Size. Fine Washings. 

TJnder 500 fathoms, . . 29*60 per. cent. 0*145 mm. 24*17 per cent. 

From 500 to 1000 fathoms, . 26*16 „ 0*126 „ 44*89 „ 

Over 1000 fathoms, . . 17*50 „ 0*100 „ 47*76 „ 

It will be seen that the percentage of minerals and the size decrease with increase of 
depth, while the percentage of fine washings increases. 

In the dredge pumice was obtained in two cases, pebbles in one, and hardened pieces 
of the bottom in one case. 

The following shows the average composition of the Challenger samples of Green 
Mud 

l Pelagic Foraminifera, .... 14-59 

Carbonate of lime, < Bottom-living Foraminifera, . . - . 2 - 94 

( Other organisms, ..... 7-99 

25-52 

{ Siliceous organisms, .... 13-67 4 

Minerals, ...... 27-11 

_ Fine washings, . . . . 33 -70 

— 74-48 

100-00 

1 See PI. XXV. . * See PL XXVI. * See PI. XX. fig. 1. 

4 The larger number of siliceous organisms compared -with, these in Blue and Red Muds (see pp. 232 and 235) is 
due to the glauconitic caste of the Foraminifera. 
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Green Sands . — In addition to the deposits called Green Muds in the Tables of 
Chapter II., there are 7 samples which have been called Green Sands. These differ from 
the Green Muds chiefly in being more granular in appearance, owing to the relatively 
small quantity of amorphous matter present in them. They are found usually in shallower 
water than the muds, and in positions where the particles are occasionally at least set in 
motion by the action of waves and currents. All these samples are from depths less than 
900 fathoms, the average depth being 449 fathoms. The average percentage of carbonate 
of lime in these Green Sands is 4978 ; — 2 TOO per cent, of this derived from pelagic 
Foraminifera, 15 per cent, from bottom-living Foraminifera, and 1378 per cent, from the 
remains of other calcareous organisms — being thus much higher than in the Green Muds.. 

The residue is greenish in colour, and makes up 5072 per cent, of the whole deposit. 
The siliceous organisms average 8 per cent., due to the presence of glauconitic casts of 
calcareous organisms, while the mineral particles average 80 per cent., and the fine 
washings 1272 per cent. The average size of the mineral particles is 0'2 mm., somewhat 
larger than in the Green Muds. 

The following shows the average composition of the Challenger samples of Green 
Sand : — 

( Pelagic Foraminifera, .... 21-00 

Bottom-living Foraminifera, . . 15-00 

Other organisms, ..... 13-78 


Residue, 


Siliceous organisms, 
Minerals, . 

Fine washings, 


4978 

8-00 

30-00 

12-22 


50-22 


100-00 


The following analyses are of two of the best examples of a Green Sand and a Green 
Mud met with during the Expedition, the one being from Station 164b, in 410 fathoms, 
off the coast of Australia, the other from Station 141 in 98 fathoms, off the Cape of 
Good Hope: — 






PORTION SOLUBLE IN H01. 

Portion insoluble m HCL ; 

Station. 

Depth in 
Fathoms. 

No. 

Loss on 
Ignition. 

SiO a 

.ALgOg 

FejOg 

OaCOj 

CaS0 4 

Cas2P0 4 

MgC0 3 

Total 

SiO a 

AlgOg 

Fe a Og 

CaO 

MgO 

Total. 

141 

98 

.66 

9*10 

8-35 

2*30 

4*70 

49-46 

1-07 

tx. 

2*02 

67*90 

21*35 

0*95 

0-36 

0*22 

0-13 

23-00 

164 b 

410 

67 

3*30 

9-28 

2*50 

12*30 

46-36 

0-58 

0*70 

0-57 

72-29 

21*99 

1*58 

0-42 

| 0-30 

012 

24-41 


No. 67 is of material from the dredge. 


In the first place, there is to be noted the relatively high percentage of carbonate of 
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lime, much higher than what is usually met with in a Blue Mud, this being due, as has 
just been pointed out, to the presence of pelagic shells, which here approach nearer to 
the coasts than where blue mud deposits prevail. The insoluble portion, it will be seen 
from the analyses, must he almost exclusively made up of grains of quartz, since the 
alumina, the iron, the lime, and magnesia do not form more than a small fraction of this 
insoluble residue. The high percentage of insoluble silica shows that the mineral 
particles come from continental rocks, and not, as in the case of typical pelagic forma- 
tions, from the disintegration of volcanic products. The felspar fragments indicated by 
the microscopical examination are also derived from ancient crystalline rocks, in which 
potash is a dominant base, and which doubtless furnish by their alteration one of the 
necessary elements in the constitution of glauconite, so characteristic of these Green 
Muds. We will refer to this fact in the chapter on the mineralogical composition and 
mode of formation of glauconite. 

The Challenger met with Green Muds and Sands off the coast of Portugal, off the 
east coast of North America, off the Cape of Good Hope, off the coasts of Australia, 
Japan, and South America. By other expeditions they have been discovered off the 
Californian coast of America, off the eastern coast of Afriea, and in many other regions. 
The Green Muds and Sands would appear to form an interrupted band along many 
continental shores at ‘the upper edge of the continental slope, and the estimated area 
occupied by these deposits is about 1,000,000 square miles of the sea-bottom, including 
those occurring in the shallow-water zone in depths less than 100 fathoms. 


Volcanic Muds and Sands. 

Around oeeanic islands of volcanic origin the deposits consist in a large measure of 
the rocks and minerals arising from the disintegration of the voleanic rocks of the 
islands. Near shore, within the region of wave action, these are largely sands, composed 
of volcanic material and the fragments of calcareous organisms, the mean d iam eter of 
which may be from 0'5 mm. to several millimetres according to situation. In deeper 
water, further from the islands, the mineral particles become less abundant and smaller, 
while pelagic organisms, such as Globigerina shells, Coccoliths and Khabdoliths, and 
Pteropod shells, increase in number, so that the deposit assumes the char acter of a mud 
in which there is a considerable quantity of clayey and calcareous matter. They are 
light grey, brown, or black in colour, and have an earthy rather than a clayey character. 
These deposits may be found along any coast where voleanic rocks prevail, but they 
are characteristically developed around the volcanic islands of the great ocean basins. 
In general appearance and composition they present great variety, depending on position, 
depth, and the organic remains that take part in their formation. In some regions 
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they pass insensibly into Bine and Green Muds, in others into Coral' Muds and Sands, 
or with increasing depth into Globigerina, Pteropod, and Diatom Oozes or Red, Clays— 
their ehief characteristic being the relative abundance- of volcanic materials. 

Volcanic Muds. — There are 38 examples of Yolcanic Muds among the Challenger 
soundings and dredgings, described in the Tables of Chapter II. In depth these range 
from 260 to 2800 fathoms, the average depth being 1033 fathoms. Gf these — 


9 are under 500 fatho.ms. 


13 

11 

from 

500 to 1000 

11 

7 

19 

91 

1000 „ 1500 

91 

3 

>9 

11 

1500 ,, 2000 

19 

2 

>9 

91 

2000 „ 2500 

11 

4 

19 

over 

2500 

91 


The colour of these deposits was in the majority of cases brown or grey. In 
depths between 2000' and' 2800 fathoms there was only a trace of carbonate of lime, but 
in one sample from 260 fathoms there was 56 - 59 per cent., the average percentage in 
these Yolcanic Muds being 20'49. Arranged . in groups of 500 fathoms, the mean per- 
centages of carbonate of lime are as follows 


i than 

500 


fathoms. 

From 

500 to 1000 

11 

11. 

1000 „ 

1500 

11 

11 

1500 „ 

2000 

91 

11 

2000 „ 

2500 

11 

Over 

2500. 


11 


24;69 average per cent. CaCO s . 
26-04 
20; 3 4 
31-30 
trace, 
trace.. 


11 

11 

11 

11 ‘ 

1 ) 

11 ' 


The carbonate of lime derived from pelagic Foraminifera is in some cases as high as 
35 per cent., the average being 10-50- per cent. ; that from bottom-living Foraminifera 
ranges as high as 10 per cent., the average being 2'82 per cent. ; that from the remains 
of other organisms ranges to 21*59 per cent., and averages 7" 17 per cent. 

The amount of residue varies from 43-41 to nearly 100 per cent., averaging 79*51 
per cent., and is usually brown or black. The siliceous organisms range from 1 to 5 pet 
cent., the average being 1*82 per cent., and consist of Radiolaria, Sponge spicules, 
Diatoms, and arenaceous Foraminifera. True glauconitic casts or characteristic glauconitic 
grains have not been observed in typical Yolcanic Muds. 

The mineral particles make up from- 5 to 75 per cent, of the whole deposit, the 
average being 40*82 per cent. The particles are nearly always angular, and have a mean 
diameter of 0-11 mm., the range being from 0*06 to 0'20 mm. Quartz is mentioned only 
once and glauconite twice, but, as above stated, typical glauconite grains may be said to 
be absent. . 

* , ’ ' 

(deep-sea deposits chall. exp. — 1891 .) 


31 . 
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The fine washings vary from 15*37 to 60*70 per cent., the average being 36*87 


per cent. 

The following table shows the average percentages -of minerals and fine washings and 
the average -size of the mineral particles, arranged in groups of 500 fathoms, and it will 
be observed that there is no definite relation between the size and abundance of either 
of these and the depth : — 





Minerals. 

Size. 

Fine Washings. 

Under 

500 

fathoms, 

42*00 per cent. 

0*126 mm. 

31 *51 per cent. 

From 

500 to 1000 


27*22 

33 

0*09 

45*07 „ 

» 

1000 „ 1500 

rs 

55*00 

S3 

0*11 „ 

23*49 „ 

3> 

1500 „ 2000 

33 

-28*33 

33 

0*09 „ 

38*70 „ 

3> 

2000 „ 2500 

“35 

45*00 

S3 

0*20 „ 

52*00 „ 

Over 

2500 

>5 

57*00 


0*125 „ 

40*00 „ 


The following table shows the average composition of the Challenger samples of 
Volcanic Mud: — 


Carbonate of lime. 


Residue, 


Pelagic Foraminifera, . 

. 10-50 


Bottom-living Foraminifera, . 

2-82 


Other organisms, , 

717 

20*49 

Siliceous organisms, 

1-82 


Minerals, ■ . 

. 40’82 


Fine washings, 

. 36*87 

79*51 

100-00 


Volcanic Sands . — Within depths of 500 fathoms there are in the Tables of Chapter II. 
7 samples which are called Volcanic Sands. These sands are found in positions where the 
particles making up the deposit are set in motion by the action of waves and currents, so 
that the finer materials are carried away into deeper or stiller water. It thus arises that 
these sands differ from the Volcanic Muds chiefly in the absence of the fine clayey and 
calcareous matter so abundant in the muds. The seven samples above referred to range from 
100 to 420 fathoms, the average depth being 243 fathoms. The percentage of carbonate 
of lime in these samples ranges from 6*93 to 71*65, the average being 28*79. Of this 
carbonate of lime the proportion due to the presence of the shells of pelagic Foraminifera 
is estimated to range from 2 to 50' per cent., the average being 13 per cent. ; that 
derived from the shells of bottom-living Foraminifera ranges from 1 to 5 per cent., and 
averages 3*80 per cent. ; that due to the presence of other organisms varies from 2*93 to 
16*65 per cent., the average being 11*99. 

The residue of these sands is black or brown in colour, and makes up from 28 *35 to 
93*07 per cent, of the whole of the deposit, the average being 71*21 per cent. 
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The siliceous organisms range from ! to 3 per- cent., averaging 1'40 per cent. 

The mineral particles consist of angular and rounded particles with a mean diameter 
of 0'34 mm. They make up from 25 to 80 per cent., of these- sands,, the average per- 
centage being 60. 

The fine washings vary from 2 '35 to 18*86 per cent., the average- being 0*81 per cent. 

The following table gives the average percentage composition of the Challenger samples 
of Yoleanic Sand, and comparison with the similar table given for the Volcanic Muds 
shows the difference to consist chiefly in the larger number of mineral particles and. the 
less abundance of the fine washings. 



Pelagic Foraminifera,. . 

. 1-300 


Carbonate of lime, 

Bottom-living Foraminifera, . 

3*80 



Other organisms, . 

. 11-99 

28-79 





Siliceous organisms, 

1-40 


Residue, . 

Minerals, .... 

. 6000 



. Fine washings, 

9-81 





71-21 




100-00 


The mineral fragments in these muds and sands are variable as to their nature, being 
determined by the mineralogieal composition and structure of the volcanic rocks or 
volcanoes in the neighbourhood of which they are formed. The most characteristic are 
sanidine, plagioclases, augite, hornblende, rhombic pyroxenes, olivine, and magnetite. 
Among the lapilli the most frequent are those belonging to the basaltic and andesitic 
series of rocks, especially those belonging to the vitreous varieties, and they are often 
decomposed into palagonitic matter. The pumice fragments usually present may, from 
the manner in which pumice floats, be derived from distant sources, and from the lands 
in the immediate neighbourhood of the deposit. Generally the fragments of minerals 
enumerated above are more or less enveloped by vitreous matter frequently altered by 
hydration. These points will he dealt with in greater detail when describing specially the . 
rocks and minerals of marine deposits. 

The following table gives the analyses of three Volcanic Muds : — 



Portion 1 soluble in HOI. 

Portion insoluble in HCL 

Station. 

Depth in 
Fathoms. 

No. 

Loss on 
Ignition. 

SiO a 

AI 2 O 3 

FOgOj} 

Mn0 2 

CaCO s 

CaS0 4 

0a 8 2P0 4 

MgCOj 

Total. 

Si0 2 

AlgOj 

F 62 O 3 

CaO 

MgO 

Total 

VIIR. 

640 

68 

4-94 

10*76 

5*91 

7*02 


35*68 

1*05 

0'52 

2'04 

62-98 

19-17 

4*30 

5-38 

2-58 

0*65 

32*08 

YIIt. 

1750 

69 

6*30 

11*71 

5*71 

7*14 

... 

41*43 

1*15 

g. tr. 

1'43 

68*57 

15*84 

3*71 

3-43 

1*43 

0*72 

25-13 

vnr. 

620 

i 70 

6-22 

16*22 

5*00 

11 '69 

tr. 

32*22 

0-2:7 

1. tr. 

0*83 

66-23 

17*90 

4*22 

3-77 

1*44 

0-22 

27*55 
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Tlie soluble portion maybe considered as formed of hydrated silica, argillaceous matters, 
ferruginous materials, and especially of carbonate of calcium derived from the debris of 
organisms, as in the case of the other deposits previously described. The result most clearly 
brought out from an examination of these analyses is that obtained from a consideration of 
the insoluble materials. Taking into account the percentages of the various 'bases, and 
remembering the silicates present in these Volcanic Muds, it is very easily seen that the in- 
soluble silica must he combined with the alu min a, ferric oxide, lime, magnesia, and alkalies, 
hut as the alkalies have not been estimated, it is impossible to earrythese deductions further. 
However, the analyses support the conclusions arrivedat from the microscopic examination 
of these sediments, which shows the existence of a large quantity of silicates of recent 
volcanic origin, and that quartz, if present, plays but a very subordinate part. 

The Volcanic Muds and Sands are found around all the oceanic volcanic islands and 
off those coasts where volcanic rocks occur ; they are estimated to cover an area of about 
750,000 square miles, in which is included the area of the islands themselves. 

Coeal Mijds and Sands. 

Just as around volcanic islands the deposits are principally made up of the debris 
from volcanic rocks, so off coxal islands and coral reefs the deposits are chiefly made up 
of the fragments of organisms living in the shallow waters and on the reefs, such as 
calcareous Algse, Corals, Molluscs, Polyzoa, Annelids, Echinoderms, and Foraminifexa. 
These fragments form a coarse sand or gravel in the shallower waters, but beyond tbe 
limits of wave action there is a fine mud consisting principally of triturated particles of 
calcareous matter. With greater depth and increasing distance from the land, Pteropod 
and Heteropod shells, as well as pelagic Foraminifera, make up more and more of the 
deposit, till the Coral Muds and Sands pass finally into a Pteropod Ooze or Globigerina 
Ooze, in which reef fragments can with difficulty he recognised. The pelagic organisms 
are, then, with difficulty detected in the deposits close to the reefs, and reef fragments 
are rare in the deeper deposits at a considerable distance from the shallow water around 
coral reefs or islands. This transition in the character of the deposits from the reef-edge 
to the deeper water of the open sea, is illustrated in the figures on Plates XIII. and XIV. , 
where the deposits at various depths around the island of Bermuda and off the Fiji and 
Friendly Islands are figured. 

Coral Muds . — There are 16 Coral Muds described in the Tables of Chapter II., 
ranging in depth from 140 to 1820 fathoms, the average being 740 fathoms. 

9 are from depths under 500 fathoms. 

1 „ „ of 500 to 1000 „ 

3 „ „ „ 1000 „ 1500 „ 

3 „ „ over 1500 „ 
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In colour the muds are of various shades of white, due to the large amount of 
carbonate of lime, which ranges from 77 ' 38 per cent, in 1500 fathoms to 89'68 per cent, 
in 380 fathoms, the average being 85 - 53 per cent. The following shows the average 
percentage of carbonate of lime at various depths, arranged in groups of 500 
fathoms, and it will be observed that there is little or no relation to depth : — 

Under 500 fathoms, . 87*34 mean per cent. CaC0 8 

From 500 to 1000 „ . 89*36 „ 

! >, 1000 „ 1500 . 84-59 

Over 1500 „ . 8278 „ 

The carbonate of lime derived from pelagic Foraminifera ranges from 10 to 56 per 
cent., and averages 31 -27 per cent.; that derived from bottom-living Foraminifera 
ranges from 2 to 40 per cent., the average being 14 ‘64 per cent. ; that derived from 
other organisms varies from 26-31 to 59 “68 per cent,, and the mean percentage is 
39-62. 

The residue is always of a brown or reddish colour, and varies from 10*32 to 22*62 
per cent., the average being 14*47 per cent. This residue consists of clayey matter, 
oxides of iron, and mineral particles, generally of volcanic origin, together with a few 
siliceous organisms. 

Siliceous organisms do not make up more than 1 or 2 per cent, of the whole deposit, 
the average in the above samples being 1-36 per cent. Sponge spicules are always 
present, and Diatoms and Radiolaria can generally be recognised during the examination 
of a sample. 

The mineral particles are estimated in each of the above samples to make up 1 per 
cent. ; they are always angular, and have an average diameter of 0*07 mm. 

The fine washings vary from 8*32 to 20*62 per cent., the average being 12*11 per 
cent. 

Arranged in groups of 500 fathoms, the following table shows the estimated average 
amount of fine washings and minerals, and the mean diameter of the latter ; it will be 
noticed that no relation to depth is indicated except the greater abundance of fine wash- 
ings in deep water : — 

Minerals. Size. Eine Washings. 

Under 500 fathoms, . 1 per cent. 0*065 mm. 9*96 per Cent. 

From 500 to 1000 „ .1 „ 0*060 „ 8*64 „ 

„ 1000 „ 1500 „ . 1 „ 0*077 „ 13*41 „ 

Over 1500 „ . 1 » 0*067 „ 14*88 .,, 

The following shows the average composition of the Challenger samples of Coral 
Mud 
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Pelagic Foraminifera, . 

. 31-27 


Carbonate of lime. 

Bottom-living Foraminifera,, 

. 14-64, 



[ Other organisms,. . 

. 39-62 



- 

; Siliceous organisms, 

1-36 

85-53 

Residue, .. . . , 

Minerals, ; ..... 

; Fine washings, 

1-00. 

. 1211 

14-47 

100-00 


Coral Sands. — In addition to the Coral Muds, there are 5 samples that are called 
Coral Sands in the Tables of Chapter II. These scarcely differ from the Coral Muds in 
composition except in the fact that the more finely divided calcareous matter is less 
abundant than in the Coral Muds, and the fragments of calcareous organisms are on the 
■whole larger. These sands are indeed met with in positions where we have reason to 
believe that the particles composing the deposit are frequently set in motion by the 
action of waves or currents, being found in depths of less than 300 fathoms, the average 
depth of the above samples being 1 76 fathoms. Their colour is white or dirty white. 

The average percentage of carbonate of lime in the samples is 86'84. The carbonate 
of lime derived from pelagic Foraminifera averages 36’25 per cent.,, from bottom-living 
Foraminifera 20 per cent., and from the remains of other organisms 30 ‘5 9 per cent. 

The siliceous organisms and mineral particles are more abundant than in the Coral 


Muds, hut on the other hand the proportion of fine washings in the residue is much less. 

The following shows the average composition of the Challenger samples of Coral 

Sand : — 

Pelagic Foraminifera, 

36-25 


Carbonate of lime, 

Bottom-living Foraminifera, . 

2000 



c Other organisms, 

30-59 



r “ 


86-84 


Siliceous organisms, .... 

5-0,0 


Residue, . 

Minerals, ....... 

3-75 



Fine washings, 

4-41 

1316 

100-00 


The following analysis of a Coral Sand from Station 172, 18 fathoms,, off Tongatabu, 
shows the usual composition 


1 

® 0 
ftps 

! 

No. 

CaO 

MgO 

A.l 2 0 3 

Fe 2 0 3 

PA 

j 

C0 2 

Organic 

Substance. 

Mn 

& 

1 

SiO a 

Total. 

172 

18 

71 

50*27 

3*00 

1*42 

42*28 

2*78 

tr. 

tr. 

tr. 

99*75 


This analysis shows that the chemical composition corresponds in a general manner 
with what has been said of the nature of this deposit from a macroscopic and micro- 
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scopic examination. The carbonic acid must be combined with the lime and mag nesia. 
The low percentage of iron and alumina, and the traces of silica and other substances, 
show that there can be very few mineral particles in this Coral Sand. 

Coral Muds and Sands cover a large area in all coral reef regions, estimated at about 
2,700,000 square miles, including those from shallow water and also the area of the 
islands and of the lagoons and lagoon-channels. The coral reef region of the Pacific is 
by far the most extensive, and there Coral Muds and Sands attain their maximum 
development, being estimated to occupy about 1,500,000 square miles; in the A tlan tic 
they cover about 800,000 square miles, and in the Indian Ocean about 400,000 square 
miles. 

c. Geographical and Bathymetrical Distribution of Marine Deposits. 

The distribution in space and depth of the various types of marine deposits in the 
different oceans has been pointed out in detail in the foregoing descriptions. On Chart 1 
this distribution is represented by means of colours, while the depth is on the chart 
indicated by cross-shading. In laying down the limits and extent of each type of deposit 
all the information available at the present time has been made use of. It may be 
admitted that the distribution of the various types of deposits as thus exhibited is to a 
large extent hypothetical, owing to the fact that there are large stretches in some oceans 
in which there are as yet no soundings ; especially is this the case in the Eastern and 
Northern Pacific and in the great Southern Ocean to the south of the latitude of 50° S. 
When the depth of the ocean is known, and the composition of several samples from 
different depths has been ascertained, the nature of the deposits over the whole area can 
be indicated with a large degree of certainty. 1 Should future investigations make known 
any great differences in the depths from those shown on the chart, it may be taken for 
granted that the nature and composition of the deposits will be different from what is 
represented on this chart. 

It may be urged, however, that our knowledge as to the depth of the ocean has in late 
years become very extensive, and that we have a large number of soundings in all the 
great oceans and inland seas. It is not likely that any great alteration will be made by 
future researches in the average depth of the ocean, although the position of the contour 
lines may undergo very considerable alterations, and volcanic cones rising high above the 
general depressed level of the sea-bed will certainly be discovered in many regions. It 
is indeed remarkable how little the position of the contour lines shown in the Challenger 
charts have been shifted by recent lines of soundings across the Atlantic, Indian, and 
Pacific Oceans. 2 

1 See pp. 30-32* 

2 Murray, “ Ojd some recent Deep-Sea Observations in the Indian Ocean,” Scot Geogr. Mag,, vol. iii- pp. 553-561, 
1887; "On Marine Deposits in the Indian, Southern, and Antarctic Oceans,” Scot Geogr. Mag., vol. v. pp. 405-436, 
1889 ; Buchanan, "The Exploration of the Gulf of Guinea,” Scot Geogr. Mag., vol, iv. pp. 177 and 233, 1888. 
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Many thousands of samples of terrigenous deposits have been examined from the 
shallower depths of nearly all oceans and enclosed seas. Of pelagic deposits more than 
2000 samples from depths exceeding 1000 fathoms — over 1600 from the Atlantic, 
300 from the Indian Ocean, and 400 from the Pacific — have passed through our hands. 
Even when the sample of a deposit has not been examined, the information furnished 
by marine surveyors and telegraph engineers is often sufficient to make known the type 
of deposit in the locality. The chart showing the distribution of the deposits, together 
with the following table, giving the approximate areas occupied by each type of deposit, 
have been constructed from, a great number of reliable data, so that the broad outlines 
of distribution here presented are not likely to be much modified by future discoveries. 

The total area of the surface of the globe has. been estimated at 196,940,700 square 
miles, of which dry land occupies about 53,681,400 square miles, and the waters of the 
ocean 143,259,300 square miles. 1 ' In the following table the approximate extent of the 
areas of the sea-floor occupied "by each type of marine deposit is given, together with 
the mean depth. 

Table showing the Mean Depth and the Estimated Area Covered hy Marine Deposits 

on the Moor of the Ocean. 

Mean Depth in. Area in Square 
Fathoms. Miles. 

Littoral Deposits (between tide-marks), . . ... 62,500 

Shallow-water Deposits (from low- water 

mark to 100 fathoms), . . . . . .... 10,000,000 

m j 2,556,800 2 3 

1033 I 

243 f 600 ’ 00 ° 2 

623 100,000 

1411 14,500,000 

1044 400,000 

1996 49,520,000 

1477 10,880,000 

2894 2,290,000 

2730 51,500,000 

1 Murray, “ On the Height of the Land and the Depth of the Ocean,” Scot Geogr. Mag., vol. iv. pp. 1-41, 1888 ; vol. 

vi, p. 265, 1890. 

3 These areas differ from those given in the descriptions, in which are included deposits from the shallow-water 
zone. 


Terrigenous Deposits (in 
deep and shallow water- 
close to land), 


Pelagic Deposits (in deep 
water removed from 
land), 


Coral Mud, 

Coral Sand, 
Volcanic Mud, 
Volcanic Sand, 
Green Mud, 

Green Sand, 

Eed Mud, 

> Blue Mud, 

Pteropod Ooze, . 
Globigerina Ooze, 
Diatom Ooze, 
Badiolarian Ooze, 

. Bed Clay, 



CHAPTER IY. 


MATERIALS OF ORGANIC ORIGIN IN DEEP-SEA DEPOSITS. 

The dead shells and skeletons, or other hard parts of marine organisms might, in the 
strict sense of the term, be regarded as belonging to the mineral kingdom. By their 
structure, as well as by their origin, these organic remains are, however, differentiated 
from mineral substances properly so called. Their organic nature is at once recognised 
by the most casual observer, and so abundant are the remains of some species on the 
floor of the ocean, that their names have been employed to designate certain types 
of deep-sea deposits, such as Globigerina, Pteropod, Radiolarian, and Diatom Oozes. 
We therefore devote this chapter to a consideration of the organic substances which 
take part in the formation of modern marine deposits. 


a . Marine Fauna and Flora in General. 

Before discussing the materials of organic origin in deep-sea deposits, it is desirable 
to glance at the light cast by recent investigations on the abundance and distribution of 
living plants and animals in the ocean, and thereafter to indicate the changes wrought 
by their functional activity, and by the decomposition of their dead bodies, in ocean waters 
and in deep-sea deposits. 

It would appear to have been definitely established by the researches of the last 
fifty years that life in some of its many forms is universally distributed throughout the 
ocean. There do not seem to be any barren regions, where life is altogether absent, as 
was supposed by the older naturalists. It has long been well known that along all coasts 
the shallow waters teem with marine plants and animals, some of them living on or 
attached to the bottom, while others swim freely about in the surface and intermediate 
waters. The researches of the Americans along the eastern coast of North America, of 
the Norwegians off the coast of Norway, and of the British in the North Atlantic, had also, 
previous to the Challenger Expedition, revealed the existence of an abundant fauna in 
deep water. 

(deef-sea deposits chall. exp. — 1891 .) 
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The Challenger’s dredging and trawling operations have shown that, not only in 
shallower water near coasts, but even in all the greater depths of all oceans, animal life is 
exceedingly abundant. A trawling in a depth of over a mile (1000 fathoms, Station 78) 
yielded two hundred specimens of animals, belonging to seventy-nine species and fifty-five 
genera. From a depth of about two miles (1600 fathoms, Station 147) a single haul of 
the trawl procured over two hundred specimens of deep-sea animals, belonging to 
eighty-four species and seventy-five genera. A trawling in a depth of about three miles 
(2600 fathoms, Station 160) yielded over fifty specimens, belonging to twenty-seven 
species and twenty-five genera. These are but a few, and not the most striking, of the 
examples that might be cited. From- the contents of their stomachs it was evident 
that the great majority of these lived on, or in the immediate neighbourhood of, the 
bottom. Even in depths of four miles, fishes and animals belonging to all the chief 
invertebrate groups have been procured, and in the sample of ooze from nearly five 
and a quarter miles (447 5 fathoms) there was evidence that living creatures could exist 
at that depth. In the deeper waters far removed from the coasts the genera and 
species are almost all new to science, while at similar depths near continents the species 
and genera are both more numerous, and include many more forms identical with, or 
closely allied to, shallow-water species. These results have been confirmed by subsequent 
investigations in special regions by French, German, Italian, Norwegian, and British 
expeditions. 

Haeckel has introduced the useful term “ Benthos ” to designate all those animals and 
plants living fixed to, or creeping over, the bottom of the ocean, and in accordance with 
the classification given on pages 185 and 186 we would propose that the Benthos be 
divided into neritic Benthos and deep-sea Benthos. The neritic Benthos may be sub- 
divided into littoral Benthos and shallow-water Benthos. The deep-sea Benthos may 
again be subdivided into bathybial Benthos for those animals living on deep-sea terri- 
genous deposits, and abyssal Benthos for those living on pelagic deposits. 

Not only is life everywhere distributed over the floor of the ocean, but experiments 
appear to show that it is present everywhere throughout the whole body of oceanic waters 
at all depths from the surface to the bottom, most abundant at and near the bottom and 
at and near the surface, while much more sparingly represented in the waters of inter- 
mediate depths. In the spring of 1891, Alexander Agassiz conducted experiments with 
closing tow-nets from the U.S.S. “ Albatross,” off the Pacific coast of America. At 
intermediate depths greater than 200 fathoms he did not procure any animal fa j n the 
open ocean, but a few specimens were obtained from these intermediate waters in the 
Gulf of California. 1 As all the surface animals must after death fall towards the bottom, 
we should expect to capture such specimens, at least sparingly, in tow-nets dragged at 
intermediate depths, and such captures seemed to be clearly indicated in the Challenger 

1 Bull Mils. Oorrvp. Zoot , vol. xxi. pp. 185-200, June 1891. 
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experiments. The researches of the Challenger in this direction have been confirmed and 
extended by those of Chun, Hensen, Haeckel, and other naturalists. 1 The researches 
carried out on board H.M.SS. “Triton” and “Knight Errant” in the Faroe Channel, 
and by the yacht “Medusa” in the deep lochs of the west of Scotland, conclusively 
show that some animals which, in their larval condition, are captured in the surface and 
subsurface waters, are found in the adult condition at the bottom in depths of 100 to 
400 fathoms. It was also found that at definite depths in the intermediate waters 
different species were captured on the same day, but at different depths on the following 
day, thus showing an oscillation of the great floating banks of animals or Algeo. 2 When 
the tow-nets could be dragged within a few feet of the deposit without touching the 
ground, immense hauls of Crustaceans, largely Copepods and Schizopods wero always 
obtained. 

Haeckel has extended the connotation of the term “Plankton” 8 to include all 
animals living in the waters of the ocean, in contradistinction to Benthos — those living 
on the bottom of the sea. Murray 4 has shown that the organisms living in mid-ocean in 
the great oceanic currents are quite different from those in the surface waters near land, 
and Haeckel proposes to designate the former oceanic Plankton, and the latter neritic 8 
Plankton. We would suggest that the term oceanic Plankton be subdivided into pelagic 
Plankton for the animals living in the waters from the surface to 100 fathoms, zonary 
Plankton for those living in the intermediate zones between 100 fathoms from the 
surface and 100 fathoms from the bottom, bathybial Plankton for those living within 100 
fathoms from the bottom in the transitional area covered by deep-sea terrigenous 
deposits, and abyssal Plankton for those living within 100 fathoms from the bottom 
over pelagic deposits. 

While, however, life is universally present on the ocean’s bed and throughout 
the mass of oceanic waters, it by no means follows that it is uniformly distributed either 
over the first or throughout the second. It is well known that in shallow waters certain 
species are found on some banks or in some deep muddy pits, while they aro absent in 
other localities under apparently, at the present time, similar physical conditions. The 
productiveness or fertility of certain stretches of the sea-bottom in shallow water would 
appear to be due to some unknown antecedent conditions. It is the same in the deep 
sea, for otherwise it seems impossible to account for the almost constant success of the 

1 Chun, “ Die pelagische Thierwelt in grosseren Meerestiefen und ihre Beziehungen zu der Oberflachen-Faunu,' 
Bibliotheca Zoologica, Heft i., 1888 ; “ Die pelagische Thierwelt in grossen Tiefen,” Verhandl. d, Geeellsch. Deutaeh, 
Naturf. u. Aerate, Bremen, 1890 ; Hensen, « Einige Ergebnisse der Plankton-Expedition der Humboldt-Stiftung,” 
Sitab. d. Berliner Akad. d. Wise, 1890, pp. 243-253 ; Haeckel, Plahkton-Studien, Jena, 1890, 

2 Tizard and Murray, “Exploration of the Faroe Channel, during the summer of 1880, in H.M.’s hired ship Knight 
Errant," Proc. Boy. Soc. Edm., vol. xi. pp. 638-677, 1882 ; Murray, “ On the Effects of Winds on the Di»tributkm\>f 
Temperature in the Sea- and Fresh-water Lochs of the West of Scotland," Scot. Geogr. Mag., vol. iv. pp. 345-366 1888. 

3 First introduced by Hensen in 1887, loo. cit. * ’ 

1 “The Great. Ocean Basins,” Nature , vol xxxii. pp. 581 and 611, 1885. 

6 N jjg/rug*, son of Nereus. 
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trawlings in some spots and the comparatively unsuccessfal results in others at the 
same depth and with apparently similar surroundings. From the results of deep-sea 
dredgings and trawlings, up to the present time, there seems no doubt that life is on 
the whole more abundant at the bottom near continental shores than at similar depths 
towards the centres of the ocean basins. 

The operations with tow-nets in surface, subsurface, and intermediate waters lead to 
nearly identical conclusions with reference to the pelagic fauna and flora, or Plankton, as 
those with reference to the fauna or flora on the deposits, or Benthos. Sometimes the 
captures in the tow-nets may be very insignificant, while, at a little greater or less 
depth, or at a different time of the day, the same nets may yield an abundant harvest. 
Many of the species occur at times in floating banks of vast extent, and at other times 
only a few specimens may be taken at the same locality. On the whole, the Planktonic 
species are more numerous in tropical waters, while in polar waters, although 
the species are less numerous, the individuals of the species have often an enormous 
development. The Challenger observations appear to indicate clearly that in warm 
oceanic currents the abundance of life is greater than in the regions of the Sargasso Seas. 
The pelagic fauna and flora are, again, different and probably more abundant along 
coasts affected by river water than in purely oceanic regions. Ascending currents of 
water from the deeper regions near land are sometimes heavily laden with marine 
organisms whose usual habitat is in deep water about the level of the mud-line sur- 
rounding the continental and other coasts. 

Owing to this unequal distribution of organisms in ocean water and on the floor of 
the ocean, it is not possible to arrive at any satisfactory approximation of the total 
number of living organisms or the total amount of organic matter in the sea, but it is 
evident that these must, on the lowest estimate, be enormous. Assuming that the lime- 
secreting organisms were as abundant throughout the whole region as in the path 
followed by his tow-nets, Mr. Murray 1 has estimated that at least sixteen tons of 
carbonate of lime, in the form of shells of living organisms, were present in a mass of 
tropical oceanic water one square mile in extent by 100 fathoms in depth. Hensen has 
even made a praiseworthy attempt to count the number of individuals of each species in 
certain tow-net gatherings, and from these data to estimate the total numbers of each 
species as well as the amount of organic matter in the whole ocean. 2 All these calculations 
are interesting and valuable for the time and place of the experiments, but unreliable or 
insufficient when used as a basis for any wide general conclusions or deductions. "When 
considering the amount of organic matter in the ocean, it must be remembered that a large 


j Eoy.Soc. Edm., vol x. p. 508. In some ten litres of vater from the Bed Sea, Murray and Irvine recently 
fonnd^snspended.cmlionate of lime (shells of organisms) equivalent to 51 tons in a mass of ocean 'water one square mile 
by 100 fathoms m depth. 1 

. 2 Hensen, “ Ueber die Bestimmung des Planktons, odei die im Meere treibenden Materials an Pflanzen und Thieren ” 
Bericht d. Comm. z. wiss. Unters. der deutschen Meere in Kiel, 1887. * 
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amount of sucli material is annually borne to the ocean by rivers from the dry land or 
washed from the coast line into deep water. The Challenger dredgings near land 
furnished abundant proof of this in the presence of leaves, fruits, and branches of trees, 
with occasional fragments of land shells and other organic substances, Alexander 
Agassiz dredged a great abundance of decaying vegetable matter from deep water in the 
tropics, off the Pacific coast of America. 1 


b . Albuminoid and other Organic Matters in Deep-Sea Deposits. 

In nearly all deep-sea deposits traces of albuminoid organic matters can be detected 
by chemical analysis. Organic material can be observed after fragments of bones or 
shells have been removed by dilute acid, when there often remain small floceulent masses 
— sometimes taking the form of the calcareous shells — which, heated on a platinum plate, 
burn, leaving a blaek cinder. In shallower water, for instance in some Green Muds, there 
is a greenish matter which likewise burns and appears to be of vegetable origin. The 
presence of sulphides and sulphuretted hydrogen in all harbour muds, muddy bays near 
land, and, indeed, in nearly all the terrigenous deposits, such as the Blue Muds, is a 
sure indication that soluble and insoluble albuminoid and other organic matters are dis- 
tributed throughout these muds and are in process of decomposition. Probably sulphides 
are present in all deep-sea deposits, hut they are most abundant in muds near land where 
there is rapid accumulation, and where a large quantity of organic matter is borne down 
from the continents. In the Bed Clays and the other truly pelagic deposits, the quantity 
of organic matter is much less, and, owing to the slow accumulation, the sulphides are 
probably oxidised as soon as formed, and never make up any considerable portion of the 
deposit. 

The food of the deep-sea animals living on the floor of the ocean consists of the dead 
bodies of oceanic plants and animals that have fallen to the bottom from the surface, 
and intermediate waters. The stomachs of Eehinoderms, Annelids, and other organisms 
were always found to be completely filled with the surface layers of the ooze, mud, or 
clay of the region from which they were dredged, and there ean be no doubt that the 
nutriment contained therein was sufficient for the necessities of life. 3 Even the Crus- 
taceans dredged from areas where fine mud commences to settle on the bottom, about 
or beyond tbe 100-fathom line, appear to live largely on the minute particles of organic 
origin which there settle on the bottom along with the argillaceous matters. A very 
large proportion of marine deposits must in this way be passed through the intestines of 
marine animals, and in this sense, though not in the sense suggested by Thomson and 

1 Bull . Mus . Comp . Zotil ., vol. xxi, p. 197. 

2 Murray, “ Marine Deposits of the Indian, Southern, and Antarctic Oceans,” Scot. Geogr. Mag yol. v. p. 425, 1889, 
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Huxley, 1 deep-sea clays and muds might he said to . he of organic origin. In the 
Globigerina limestones of Malta the tracks of Echinoderms and Annelids, which had 
eaten their way through the deposits, may now be seen in the solid rocks. 2 In 
examining the samples of Blue Muds, and especially those near the mouths of rivers, 
many oval-shaped bodies, about 0'5 mm. in length, were observed. These were 
described by some observers as Foraminifera. Mr. Murray, after numerous observations, 
came to the conclusion that they were mostly the excreta of Echinoderms, principally of 
Holotburians. 8 When these pellets are voided by the' animal they are covered by a 
slimy substance ; many of them may indeed be united in a chain. In some deposits this 
dung is exceedingly abundant, hut as a rule it is impossible to recognise these oval bodies 
in any of the organic oozes, and in the Bed Clays only some doubtful examples have been 
met with. They appear to fall asunder when the deposit is granular, like a Globigerina 
Ooze, or when long exposed without being covered up, as in the case of the Red Clays. 

It is abundantly evident, then, that much organic matter is mixed with the marine 
deposits, especially with the surface layers. In the Blue Muds the decomposition of 
this matter in the deeper layers leads to the reduction of the oxides in the red upper 
layer and to the formation of sulphides, which give a blue colour to the deposit, but in the 
Red Clays and Red Muds the quantity of organic matter is insufficient to completely 
effect this change, and the deposit as a whole remains of a red colour. 4 

The changes connected with the decomposition of albuminoid matter in marine 
deposits must also be associated, at least in their initiatory stages, with the formation of 
glauconite in the chambers of Foraminifera and other calcareous organisms, and the 
production of glauconitic grains in Green and Blue Muds along continental shores. In 
like manner the formation of phosphatic grains and nodules may be connected with 
changes brought about by the decomposition of organic substances in terrigenous 
deposits. 

c. Changes Produced by Organisms in the Constitution oe Sea-Water and Deep- 

Sea Deposits. 

When we remember the large number of marine organisms in the ocean, and the 
organic materials carried into the sea from the land, it is evident that the functional 
activity of these organisms, — together with the nitrogenous organic matter arising 

1 See p. 190. 2 Murray, Scot Geogr. Mag ., voL yi. pp. 449-488, 1890. 

8 See under Additional Observations, pp. 101, 103. 

4 J. y. Buchanan says “ The mud below the surface layer, in localities where ground life is abundant, remains 
bine, being protected' by the oxidation of what is above it ” ( tc Sulphur in Marine Muds,” Proc. Roy. Soc . Edin., vol. xvii. 
p. 37, 1890). This does not appear to be the correct interpretation, for Rue Muds, accumulating by additions at 
the surface, must all pass through the stage of the red upper or surface layer. The blue colour of the deeper layers must 
be due to a subsequent change from the reduction of the higher oxides in the red upper layer, and the formation of 
sulphide of iron through the decomposition of the organic matter present in the deeper .parts of the deposit. 
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from the decomposition of their waste products and dead bodies, — cannot but work 
continual and extensive changes in the internal constitution of the sea-water salts and of 
the materials in suspension in sea-water or lying on the floor of the ocean, the intensity 
of these changes varying with the temperature, the amount of sunlight, and other 
conditions. 

Carbon, hydrogen, oxygen, nitrogen, sulphur, and phosphorus may fairly he regarded 
as entering into the composition of the tissues and fluids of all marine organisms; in 
addition, carbonate of lime, silica, and other substances entering into the composition of 
the hard parts may be regarded as essential to the life of numerous species of animals 
and plants . 1 When marine organisms cease to live the resolution of their complex com- 
pounds at once begins. The carbon and hydrogen pass off mainly as carbonic acid 
and water, the nitrogen forms ammonia, and the sulphur and phosphorus give rise to 
volatile sulphuretted and phosphuretted compounds ; in short, decay takes place accom- 
panied by all its well-known phenomena . 2 The skeletal structures of the organisms 
become altered at the same time, and, passing into solution, may ultimately be wholly 
reduced, in the presence of sea-water, into their ultimate inorganic components. At 
the bottom in great depths the process of decay might be an exceedingly slow one 
were the only available oxygen that which is present in solution in the sea. There 
is evidence, however, of some remarkable chemical reactions which it is desirable here 
to indicate. 

The analyses of sea-water inform us that earthy and alkaline sulphates make up a 
very large part of the total sea-water salts. When these are exposed to the action 
of carbon, or of organic matter, which, of course, contains carbon, the sulphates are 
reduced and sulphides formed; the carbon unites with the oxygen, formerly combined 
with the metal and metalloid, to form carbonic acid . 8 Thus for every molecule of 
sulphate decomposed in this way one molecule of sulphide and two molecules of carbonic 
acid are formed. As, practically, all the carbon of marine organisms must thus ulti- 
mately be resolved into carbonic acid, the quantity of that acid produced in this 
way must be enormous, and cannot but exert a great solvent action not only on the 
dead calcareous structures, hut also on the minerals in the muds on the floor of the 
ocean. Were these reactions to end at this stage the bottom of the sea would soon 
become so poisoned by sulphides as to be unfit to support either animal or vegetable 
life. As soon, however, as the sulphides are produced, the carbonic acid, which is formed 
at tbe same time, decomposes the sulphides, forming earthy and alkaline carbonates, 

1 Pouch et and Chabry, “ De la production des larves monetrueuses d’Oursin, par privation de chaux,” Corrvptes 

Rendw, tom. cviii. pp. 196-198, 1889 ; “ L’eau de mer artificielle coniine agent tdratog^nique,” Journal de P Anatoiwie, 
1889, pp. 298-307. / . 

2 These changes are not, of course, due to simple oxidation, hut are brought about in a large measure by the influ- 
ence of organisms familiarly named Bacteria, it being now generally accepted as a fact that all putrefactive changes are 
brought about or initiated by these minute organisms. 

3 Murray and Irvine, Proc- JRoy . Soc. Pdin., vol. xvii, p. 93. 
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sulphuretted hydrogen being given off ; the latter passing into the circumambient water 
is oxidised into sulphuric acid, which in turn decomposes the carbonate of lime dissolved 
in the sea-water or existing in the form of calcareous shells, sulphate of lime being finally 
formed. The nitrogenous or albuminoid matters present in animal tissues and fluids 
break up ultimately, by a series of complex reactions, into ammonia and nitrogen; the 
former is either liberated, or, combining with the carbonic acid, passes into solution as 
carbonate of ammonia, or becomes oxidised into nitrates. Further, the sulphur and 
phosphorus are given off in combination with hydrogen, becoming finally oxidised into 
sulphuric and phosphoric acids, which, decomposing the alkaline and earthy carbonates 
present in sea-water, give rise to sulphates and phosphates. 

Murray and Irvine have shown by direct analyses that the ammoniacal salts, formed 
as indicated by the above reactions, are everywhere present in the ocean, due to the 
decomposition of albuminoid matter, ammonia being always one of the products. This 
change is accelerated by a high and retarded by a low temperature, consequently 
tropical or warm water contains much more ammonia than is found in the waters 
of temperate zones . 1 2 The carbonate of ammonia, arising from the decomposition 
of animal products in presence of sulphate of lime in the ocean or in the bodies of 
animals, becomes converted into carbonate of lime and sulphate of ammonia. The whole 
of the lime salts in the sea may be thus available for the coral- and shell-builders . 8 
The much more rapid decomposition of the nitrogenous organic matter in the tropics 
may probably explain the greater development of coral reefs, and generally of all lime- 
secreting organisms, in tropical than in colder seas. 

The low temperature at the bottom of the ocean and possibly also the pressure 
retard putrefaction, but it is evidently incorrect to state that putrefaction does not exist 
in great depths , 3 for everywhere there are signs to the contrary. This opinion has 
apparently been founded on some interesting but inconclusive experiments made by 
Regnard with fresh water , 4 where the absence of sulphates excludes the supply of 
oxygen, which in sea-water, as has been shown, is the great factor in oxidizing organic 
remains. 

From the reactions referred to above some idea may be formed of the nature and 
extent of the changes that are continually going on in the ocean, and they are referred 
to in this place in order to indicate the circumstances which must be taken into con- 
sideration when treating of the presence or absence, the quantity, condition, and 
distribution of organic remains and other materials in deep-sea deposits. 

1 Murray and Irvine, Proc. Roy. Soc. Edin vol. xvii. p. 89. 

2 ‘ Murray and Irvine, loc. tit., p. 90. 

8 Pelseneer, <c Exploration des Mere profondes,” Gand, 1890. 

4 Regnard, <c Influence des hautes pressions sur la putrefaction,” Rev. Scientif tom. xliii. p. 284, 1889, 
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d , Calcareous Oeganic Remains in Deep-Sea. Deposits. '■ 'i,.- 

Calcareous Alg&. — Species of Algas which secrete carbonate of lime are abundant in 
the shallow waters of the ocean. In the tropical regions especially there are large and 
massive species of Lithothamnion, Lithophyllum, Halimeda, and other genera that mate 
up a large part of some coral reefs and of the surrounding Coral Sands and Muds. Two 
hundred fathoms is probably the extreme limit at which any of these organisms live in 
the ocean, but the broken-down fragments of calcareous Algse have been found in depths 
of over 2000 fathoms in the neighbourhood of coral reefs. In the Tables of Chapter II. 
they are noted in all the Coral Muds and Sands, in six different samples of Globigerina 
Ooze, and in very many samples of Volcanic Muds and Sands. 

Coccospheres and Rhabdospheres.- — The precise nature of these minute organisms was 
for a long time obscure, but they are now regarded, and np doubt rightly, as pelagic Algse. 
There is considerable difference in the size and form of both the Coccospheres and Rhabdo- 
spheres ; three of the principal forms are repre- 
sented in the annexed woodcuts. The interior of 
the spheres is filled with transparent albuminoid 
matter, in which no nucleus was detected by the 
Challenger naturalists. When the calcareous rods 
and discs are removed by dilute acid, small 
gelatinous spheres remain behind, on the outer 
surface of which the Coccoliths and Rhabdoliths 
were implanted or embedded. Rhabdospheres 
are especially developed in equatorial and tropical 
regions, and are rarely met with in regions where 
the temperature of the surface water falls below 
65° F, Coccospheres, while abundant in tropical 
waters, are found farther north and south than Flft is.— a. Ooccosphere. From the surface (m^). 

the Rhabdospheres; they are present even where the temperature on the surface is as 
low as 45° F., indeed, Coccospheres attain their greatest development in temperate 
regions. These organisms are absent or rare in coast waters affected by rivers ; they 
especially flourish in the pelagic currents of the open ocean, and therefore belong to the 
pelagic Plankton. In Arctic and Antarctic waters Coccospheres and Rhabdospheres are 
replaced by similar minute Algse, which do not, however, secrete rods and discs of car- 
bonate of lime on their outer surfaces. 1 Coccospheres and Rhabdospheres are, then, 
nearly everywhere present in the surface waters of the tropical and temperate regions 

1 Narr. ChalL Exp., vol. i. pp. 436, 938, 939. 

(DEEP-SEA DEPOSITS CHILL, EXP.— -1891.) 33 
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of the open ocean; they are usually found entangled in the gelatinous matter of the 
Radiolarians, Diatoms, and Foraminifera, and are seldom absent from the stomachs of 
Salpse, Pteropods, and other pelagic animals. 


Rhabdoliths and Coccoliths — the broken-down parts of Rhabdospheres and Cocco- 



Fic. 20.--A RlaMosphere. From the surface (M^). Fig. 21.-A Tthabdosphere. From the surface (Jiji). 


spheres play a most important part in all deep-sea deposits, with the exception of 
those laid down in polar and subpolar regions. In terrigenous deposits they are much 
less abundant than in pelagic deposits ; in some Blue Muds and other terrigenous deposits 
they are either rare or absent, while in all Globigerina and Pteropod Oozes they make 
up a large portion of the carbonate of lime in the deposit. Perfect Rhabdospheres are 
never found in the deposits ; they are very easily broken up into Rhabdoliths, which are 
at times very abundant. Coccospheres are found in considerable numbers in deposits 
from the temperate regions in all moderate depths, but they are rare in the deposits from 
tropical regions, where the spheres, from not being so compact, break up more readily 

into Coccoliths (Cyatholiths), and they are generally, like other calcareous remains, absent 
from Red Clays and Radiolarian Oozes. 

. The general appearance of these minute fragments under the microscope, when 
the finer parts of a Globigerina Ooze are examined, is represented on Plate XI., fig. 
8, showing Rhabdoliths and Coccoliths from Station 338, lat. 21° 15 ' S., in 1990 

fathoms, fig. 4 Coccospheres and Coccoliths from Station 166, lat. 38° 50' S in 275 
fathoms. ’’ 

Foraminifera.— Of all the organic remains met with in marine deposits by far the most 
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frequent are the shells of Foraminifera ; it may be safely said that these organisms or 
their fragments; are present in every average sample of marine mud, clay, ooze, or sand. 
For our immediate purpose the Foraminifera of marine deposits may be divided into 
two great groups according to their mode of life, one comprising all those bottom- 
living species which habitually live on or move about on the floor of the ocean, belonging 



Fig. 22 . — Orbulina universa, (TOrbigny. From the surface (4,0). 


to the Benthos, and the other comprising all. those pelagic species which habitually live 
in the surface and subsurface waters of the open ocean, therefore belonging to the pelagic 
Plankton . 1 

The Challenger observations have clearly established that many species belonging to 

1 These two groups of pelagic and bottom-living Foraminifera are distinguished in the Tables of Chapter II. under 
the heading “Foraminifera” by different estimated percentages for each group (see p. 26). 
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the. genera Globigerina, Pulvinulina, Sphseroidina, and Pullenia, have a pelagic mode of 
life, •which were aforetime believed under all circumstances to inhabit the oozes at the 
bottom, of the sea. All the pelagic or oceanic species, a list of which is given on page 
2X4, have calcareous shells ; they especially flourish in the pure currents of the open 



Fig. 23 .—Globigerina bidloides, d’Orbigny. From the surface. 

ocean, and they are but rarely taken in the tow-nets in bays or estuaries or along coasts 
that are much affected by river water. The annexed woodcuts show four characteristic 
surface specimens of Orbulina, Globigerina, and Hastigerina. Nearly all the species 
are confined to tropical and subtropical waters; they gradually disappear from the surface- 
nets as the polar regions are approached, the dwarfed forms Globigerina pachyderma 
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and Globigerina dutertrei being the only species met with in Arctic and Antarctic waters. 
The distribution of these pelagic Foraminifera shells in deep-sea deposits corresponds with 
their distribution at the surface of the sea, with certain exceptions as to depth, to be 
referred to immediately. This coincidence, between the distribution of the living organisms 
at the surface of the sea and of their dead shells in deep-sea deposits, is of itself sufficient 
to demonstrate that these Foraminifera live only in the surface and subsurface waters. 



Flo. 24. Hastigerina pel&gicct, d’Orbfgny. From the surface ( 3 -£). 

Did they live on the bottom for a portion of their lives (Meroplanktonic), then the dis- 
tribution of their shells would resemble that of the shells of other animals belonging to 
the Benthos. But we have seen that their distribution resembles in every way that of 
pelagic organisms, and these Foraminifera must therefore, for this as well as for many 
other reasons, be regarded as Holoplanktonic. In the calcareous oozes from tropical 
regions the shells of all the species inhabiting the surface waters are observed in enormous 
abundance, but these same species are never met with in deposits from polar regions, 
thus showing that these pelagic shells are not drifted to any great distance from* their 
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normal habitat by oceanic currents ; in this way it is possible after a careful examination 
of the species present 'in a Globigerina Ooze to tell approximately th.e latitude from 

which the deposit was collected. 1 

The pelagic Foraminifera : are especially characteristic of all deep-sea deposits from 
average or moderate depths, or from 200 to 3000 fathoms, in some equatorial regions. 
Near, shore and in polar regions their presence is masked by the abu.nJa.nce of other 
materials, so that if present they do not as a rule make up a large part of the deposit, 
but in all moderate depths in the open sea, far from land, they, on the other hand, form 



Fici. 25.— Tlastirjcrina pdagica , d’Orbigny. Prom the surface (Y). 

the major part of the deposits, or at all events of the carbonate of lime that is present. 
In all the greatest depths of the ocean in the tropics, and in the lesser depths of the 
ocean in extra-tropical regions, the shells of these pelagic Foraminifora are either not 
present in the deposits, or are met with only in a fragmentary condition; like the Cocco- 
spheres, Rhabdospheres, Pteropods, and calcareous shells of other pelagic organisms, they 
have been wholly dissolved either in hilling through the water or shortly after having 
reached the bottom. 2 


1 See p. 31. 

* See Murray, Proc.Roy. Soc., vol. xxiv. p. 535, 1876 ; Proc. Roy. Soc. Edin., vol x. p. 509, 1880; Royal Institution 
Lecture, London, March 16, 1888, p. 7; Narr. Chall. Exp., vol. i. pp. 923, 4; Murray and Irvint, Proc. Roy. Soc. Edin., 

VOl. XV1L p. oOj looy. 
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There are not more than twenty or twenty-two species of pelagic Foraminifera, yet 
so numerous are the individuals of the species that they usually make up over 90 per 
cent, of the carbonate of lime present in the calcareous oozes of the abysmal regions of 
the ocean. The individuals belonging to even a dozen of these species far outnumber 
the individuals belonging to all the other known genera and species of Foraminifera. 
This is true not only with regard to their abundance and great importance in the now- 
forming deep-sea deposits, but also to their great development in Tertiary and other 
geological formations. 1 

The bottom-living Foraminifera — those belonging to the Benthos — are more abundant 
in the shallow-water, than in the deep-sea, deposits, and occasionally a single species may 
occur in such abundance in shallow depths in some regions as to make up the greater 
part of a deposit, as, for instance, Amphistegina at the Cape Verdes, Orbitolites at the 
Fiji Islands, and Heterostegma at Amboina, 2 3 * * but the extent of such deposits is very 
limited when compared with a Globigerina Ooze, or any other deep-sea deposit When- 
ever bottom-living species of Foraminifera are, compared with pelagic species, abundant 
in a deposit, they indicate comparatively shallow water and proximity to land. The 
species of Foraminifera that live on the bottom in deep water are habitually under 
very uniform conditions, 8 and consequently their shells do not vary in size and thickness 
with change of latitude like those of the pelagic species, the animals of which are subject 
to great changes of temperature and salinity in the surface waters. 

Many of the arenaceous Foraminifera form their tests of minute calcareous shells of 
Globigerinidse or their fragments, together with other calcareous fragments in the sands, 
muds, clays, or oozes at the bottom, and many instances are given of the wonderful power 
of selection possessed by certain speeies. The tests of Pilulina and Technitella siva con- 
structed of masses of Sponge spicules felted together, and the same is the case with 
Marsipella, in which the spicules are laid together side by side aud strongly cemented. 
Psammosphsera, Storthosphasra, Pelosina, Pilulina, and Technitella are distinguished 
from each other primarily by the kind of material they individually select for the con- 
struction of the test. In the Lituolidse there is a certain amount of selective power, the 
nature of the foreign material depending more or less on the character of the sea-bottom ; 
for instance, in pure Globigerina Ooze the dead shells of the smaller Foraminifera are 
used, and in the tropics the calcareous debris of coral reefs, while the tests of Eadiplaria 
and the frustules of Diatoms are sometimes employed in considerable numbers. The pre- 
ference for Sponge spicules, broken or entire, also exists among the Lituolidse. 


1 See Murray, “ Tlie Maltese Islands, with Special Reference to their Geological Structure,” Scot. Geogr . Mag., voL 
vi. pp. 449-488, 1890. 

2 See pp. 63, 89, and 97, Chapter II. 

3 The following are a few of the cosmopolitan species -which extend into deep water : — Biloculina rvngeTis, Miliolina 

semmulum, Motalia 8oldani% Truncatvlma lobatula , NoniomTuz imbilicatula, Nodosaria farcmen, Cassid'diiut crassa, 

Oristellaria roMata, Lagena glolosa , Lagem Uevis 9 Lagena sulcata , &c. 
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The casts of Foraminifera in glauconite and other silicates are especially abundant in 
some terrigenous deposits, and will be specially referred to when discussing the chemical 

deposits in Chapter YI. . s 

Sponge Spicules. — The spicules of calcareous Sponges s(Calcarea) are occasionally met 

with in the deposits, but they are rare and only locally present. 1 

Corals.— All the groups of the Ccelenterata which secrete carbonate of lime contribute 
to the formation of marine deposits. In the neighbourhood of coral reefs the remains 
of Madreporaria and Hydrocorallinae may frequently make up the principal part of Coral 
Sands and Muds, and their fragments may be carried into the surrounding deep water. 
Certain species of Stylasteridse, Flabellum, &c., are inhabitants of deep water, and may 
be detected in deposits of all depths, but they never form a large part of a deep-sea 
formation. 2 

Alcyonarian Spicules.— These spicules are very frequently observed when examining 
the deposits from shallow water, and occasionally are present in considerable abundance 
in Globigerina or Pteropod Oozes. When they are locally abundant in deep water, as at 
Station 182, 3 it would seem as if some specimens of Alcyonaria had lived at the spot 
where the sounding was taken.* 

Annelida. — The calcareous tubes of the Serpulidae in some coral reef regions, as 
for instance at Bermuda, form very massive structures, 5 and these tubes with their 
broken-down fragments can be recognised in nearly all marine deposits down to depths of 
300 fathoms. A few species live in very deep water, and fragments of their tubes are 
sometimes observed in the Red Clays, Globigerina Oozes, and in other kinds of pelagic 
deposits. 6 

Crustacea. — When we remember the enormous numbers of Crustacea inhabiting 
all parts of the ocean, it is somewhat remarkable that their remains are so rarely met 
with in marine deposits. Chitin, which enters largely into the composition of the 
crustacean exoskeleton, is well known to be dissolved only with difficulty in acids or 
alkalies, and it might be supposed that it would protect the calcareous portions of the 
skeleton from solution in sea- water. The disappearance of the crustacean exoskeleton in 
all likelihood arises from its areolar structure, which admits of relatively rapid solution 
after the death of the animal, and the putrefaction of its soft parts. 

In two or three cases the tip of a claw has been observed in the dredgings from both 
shallow and deep water, but with these exceptions, the remains of all the higher groups 

1 See Polejaeff, Report on the Calcarea, ZooL Chall. Exp., pt. 24. 

2 See Moseley, Report on the Corals, Zool. Chall. Exp., pt. 7. 

8 See p. 91, Chapter II. 

4 See Wright and Studer, Report on the Alcyonaria, Zool. Chall. Exp,, pts, 64 and 81, 

6 See Murray, Proc . Roy, Soc. Edin ,, vol. x. p. 512, 1880, 

6 M‘Intosh says : — Serjpula philippensis reaches 1050 fathoms, a V&rmilia 1450 fathoms, Placostegus challffUgerise 2375 
fathoms, Placostegus ormtus 2900 fathoms, and Placostegus lenthalianm the still greater depth of 3125 fathoms (see 
M'Intosh, Report on the Annelida, ZooL Chall. Exp., pt. 34, p. 508). 
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of the order, are quite absent. The valves of Scalpellum, Balanus, etc., are frequently 
met with, but never in any abundance. The most constant remains are the valves of 
certain species of Ostracoda which secrete thick calcareous shells. These animals 
evidently lived on the bottom where their shells are found, and, although limited in 
numbers, extend to the most profound depths. It is seldom that any specimen of a 



Fig. 26 . — Krithe producta, Brady. Fro. %1,—Cythere didyon, Brady. 


calcareous ooze from the deep sea is examined without several of the valves of these 
organisms being observed. Krithe producta and three species of Cythere are almost 
universally present in deep-sea deposits . 1 

JEchinodermata . — Representatives of the various orders of Echinoderms are wide- 
spread over the sea-bottom at all depths, and one would expect to find their remains 
somewhat abundant in the deposits now forming in the ocean ; like the Crustacea, how- 
ever, the areolar nature of the shells seems to determine the removal of the hard parts in 
solution shortly after the death of the animal. It is seldom that a large sample of 
Globigerina Ooze or Pteropod Ooze can be examined without some fragments of Echini 
spines being observed, but it is the exception to meet with any other remains in the 
deep-sea deposits. In Coral Muds and Sands and other deposits near land, fragments 
of the shells and spines of Echini, Starfish, and Ophiurids are frequently present, and 
in moderate depths fragments of Crinoids have been noticed . 2 

Polyzoa . — There are many species of Polyzoa or Bryozoa which secrete carbonate 
of lime, and in some localities the fragments of these compound organisms make up a 
large part, if not the greater part, of the deposits, as, for instance, in 110 to 150 fathoms 
off Tristan da Cunha, and in 50 to 300 fathoms off Marion and Prince Edward Islands. 
In both shallow and deep water fragments of Polyzoa are nearly always to be observed, 
but in the pelagic deposits they make up but an insignificant part of the carbonate of 
lime present . 3 

1 See Hoek, Report on the Cirripedia, Zool. ChalL Exp., pt. 25 ; Brady, Report on the Ostracoda, ZooL Chall. Exp., 
pt. 3. 

2 See Agassiz, Report on the Echinoidea, Zool. Chall. Exp., pt. 9 ; Sladen, Report on the Asteroidea, Zool. Chall. 
Exp., pt. 51 ; Lyman, Report on the Ophiuroidea, Zool. Chall. Exp., pt. 14 ; Carpenter, Report on the Crinoidea, Zool. 
Chall. Exp., pts-. 32 and 60. 

3 See Busk, Report on the Polyzoa, Zool. Chall. Exp., pts. 30 and 50 ; Waters, Zool. Chall. Exp., pt. 79. 

(deep-sea deposits chall. exp. — 1891.) 34 
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Brachiopoda . — These organisms are found living even in the greatest depths of the 
ocean ; occasionally they are dredged in large numbers in depths down to 300 fathoms 
but in deep water it is only rarely that their remains can be detected in the deposits. 1 

Pteropoda and Heteropoda . — A large number of these pelagic Molluscs secrete 
carbonate of lime shells, and this is especially the case in tropical waters. In polar 
regions the place of the shelled species is taken, with the exception of one or two small 
species of Limacina, by shell-less species. The shell's of the tropical specie's make 
up a large part of some tropical and subtropical deposits from moderate depths, in which 
there is a relatively small quantity of land debris. Like the pelagic Foraminifera, these 
pelagic Mollusca attain their greatest development in the warm oceanic currents, and 
diminish both in the number of species and the size and mass of the shells as the colder 
currents of the polar regions are approached. Like the pelagic Foraminifera, also, the 
distribution of the living animals at the surface corresponds with the distribution of their 
dead shells over the sea-bed, with certain limits as to depth. The dead shells are not 
universally distributed over the floor of the ocean, for in all the deposits from the greater 
depths of the ocean they are absent, or only rare fragments are met with, and as a general 
rule they disappear from deep-sea deposits with increasing depth in the same way as the 
shells of pelagic Foraminifera, the more delicate and fragile ones being found only in 
the lesser depths. In the deposits of polar regions these shells are very rarely, if ever, 
observed in the deposits, and certainly never make up any sensible part, of the carbonate 
of lime in the muds or oozes. A list of the species, whose shells may const itute a largo 
part of a Pteropod Ooze, is given on page 2 2 4. 2 

The Pteropoda and Heteropoda live in the surface and subsurface waters of the ocean, 
are Holoplanktonie, and belong exclusively to the pelagic Plankton, ft has never been 
suggested that they lived exclusively, or for any portion of their lives, at, the bottom 
of the sea, as was long maintained with reference to the pelagic Foraminifera. It is 
interesting then to point out that the shells of these pelagic Molluscs follow the same 
order with respect to distribution in depth as the shells of pelagic Foraminifera. They 
are abundant, and the shells of all species appear to be represented, in the shallower 
deposits, but with increasing depth the more delicate shells first disappear, and then the 
thicker and more massive ones. In depths of 2300 fathoms they are wholly removed 
from the deposits, or only an occasional fragment is encountered, in the surface waters, 
however, the living animals are quite as abundant over the region where the shells are 
absent, as over the region where they are present, on the bottom. In whatever way we 
may account for the removal of the Pteropod shells from the deeper deposits of the ocean, 
the same reasoning is evidently applicable to the removal of the shells of pelagic Foramini- 

\ ® 8e Davidson, Report on the Brachiopoda, Zool. Chall. Exp., pt. 1. 

6 pt I y^ r ’ ^ K>rt 0n P tel0 P°4a, Zool. Chall. Exp., pt. 65 ; Smith, Report ou the Heteropoda, ZooL 
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fera. Some of the more delicate Foraminiferous shells, like Candeina, disappear at the 
same depths as the Pteropod shells, but the denser shells of Sphseroidina and Pulvinulina 
persist to greater depths. In all cases the greater the surface of shell exposed to the 
action of sea-water in proportion to its total mass the sooner does the shell appear to be 
dissolved. In Mollusean shells the conchioline may for a time protect the calcareous 
structures, but when putrefaction sets in it accelerates solution. 

Gasteropoda and Lamellibranchiata. — The pelagic species, lanthina rotundata, 
having the same habitat and distribution as the Pteropods, may be found associated with 
these pelagic shells, but it never occurs in any great abundance in deposits. Many larval 
shells of Gasteropoda and Lamellibranchs are also frequently present along with Pteropod 
shells in the shallower deposits not far removed from coasts. The shells of adult 
Gasteropoda and Lamellibranchs are well known to form extensive beds in many shallow- 
water areas, and the shells of these Molluscs make up a considerable proportion of the 
carbonate of lime in all deposits near the shores of continents and islands. In nearly all 
the pelagic deposits the shells of Gasteropoda and Lamellibranchs, or their fragments, 
can be detected when any considerable quantity of the deposit is examined, but they 
never form more than a small percentage of the carbonate of lime present. 1 On the whole 
the Gasteropoda and Lamellibranchs are poorly represented in the abyssal regions, and 
their shells are thin and fragile. In this respect alone there is a wide difference between 
the Pteropod and Globigerina Oozes of recent seas and the white chalk of the Cretaceous 
period, which was evidently laid down in much shallower water than these organic oozes. 

Cephalopoda. — The only fragments of this order that have been observed in deep- 
sea deposits are the beaks, and these are occasionally found even in a small specimen 
from the sounding tube ; they can nearly always be picked out from the washings when 
a large quantity of ooze is passed through fine sieves. In some shore dredgings, however, 
fragments of cuttle-fish bones have been met with. 2 

Fishes. — When we remember the enormous numbers of fishes that inhabit the ocean, 
the rarity of their remains in nearly all marine deposits is a very striking fact. 8 In 
only three or four instances were any fish bones, other than otoliths and teeth, observed 
in the deposits brought up in the dredges and trawls. In 1875 fathoms, off the coast of 
Japan, two vertebrae were found, and on other occasions a scapula and a vertebra. The 
otoliths of fish are, however, tolerably abundant in all the calcareous oozes, and are 
frequently present in Red Clays. That otoliths can resist the solvent action of sea- 
water better than the other bones probably arises from the dense structure of these 
bones, and possibly also from the difference in their composition when compared with 
the other bones of fish, the otoliths being mostly composed of carbonate of lime, while 

i See Watson, Report on the Gasteropoda, ZooL ChalL Exp., pt. xlii ; Smith, Report on the Lamellibranchiata, 
ZooL ChalL Exp., pt. xxxv. 

3 See Hoyle, Report on the Cephalopoda, ZooL ChalL Exp., pt. xliv. 

3 See Gunther, Report on the Fishes, ZooL Chall. Exp., pts. vi., Ivii., and lxxviii 
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the other fish bones are largely made up of phosphate of lime associated with much 
albuminoid matter. The otoliths of a cod gave on analysis i 1 — 


Lime (OaO), . 


. 

53-08- 

Carbonic Acid (0O 2 ), . 

. 

. 

43-85 

Magnesia (MgO), 


. 

2-71 

Phosphoric Acid (P 2 0 6 ), 

. 


trace 

Alumina (Al 2 0 8 ), 

. 

. 

Q-22 

Silica (Si0 2 ), . 

• 

• 

0-33 

100-19 


The teeth of fish are rather' rare in terrigenous deposits and tolerably abundant in 
some pelagic deposits ; in certain regions of the Central Pacific and in the other oceans 
in great depths far removed from land, the teeth of sharks were most exceptionally 
abundant in many of the deeper trawlings and dredgings. These sharks’ teeth, it will 
be observed, are from red clay areas as a rule, it being the exception to find any of 
the large specimens in the calcareous oozes or terrigenous deposits. In general all that 
remains is the hard dentine or enamel, the whole of the vaso-dentine having disap- 
peared. In this respect the condition of these teeth differs from that of those belonging 
to the same species from the Tertiary deposits in Malta, Carolina, Australia, and from 
one tooth dredged by Agassiz from the existing sea-bed in relatively shallow water off 
the coast of North America f in all these the vaso-dentine and the base are alm ost 
always preserved. In the following list details are given as to the number, size, and 
condition of the teeth procured by the Challenger Expedition in the trawlings and 
dredgings in the order of the stations : 3 -— - 

Atlantic Ocean. 

Station 16, 2435 fathoms. — Two Oxyrhina teeth, the larger 1| inches (38 mm.) in 
length ; one Lamna, about an inch (25 '4 mm.,) in length. 

Station 106, 1850 fathoms. — One Lamna tooth, 1| inches (38 mm.) in length. 

Southern Indian Ocean. 

Station 160, 2600 fathoms. — Two Ca/rchdTodon teeth, one broken, over 1^ inches 
(38 mm.) in length, and three small Lamna teeth. 

v 

Pacific Ocean-.. 

Station 237, 1875 fathoms.— Two vertebrae and several large otoliths offish. 

Station 241, 2300 fathoms. — One small La/mna tooth, a little over half an inch 
(12 ‘7 mm.) in length. 

1 Made Toy J. G. Boss. . 2 See Agassiz, Three Cruises of the “Blake? voL i. p. 276, 1888. 

s Dr. Albert Gunther of the British Museum examined these teeth and was satisfied that the determinations were, 
as fax as possible, correct. 
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Station 244, 2900 fathoms. — One Lamna tooth, f inch (19 mm.) in length. 

Station 248, 2900 fathoms. — One Lemma tooth, about an inch (25 , 4 mm.) in length, 
slightly coated with manganese. 

Station 252, 2740 fathoms. — One Carcharodon tooth, fully- If inches (44’4 mm.) in 
length, imbedded in the centre of a nodule, the layers of manganese around the tooth 
varying from £ to. f inch (12*7 to 19 mm.) in. thickness ; also four small Oxyrhina teeth 
imbedded in nodules. 

Station 256, 2950 fathoms. — Four Oxyrhina teeth, the largest 1|- inches (38 mm.) 
in length, and five Lamna teeth ; three, of the teeth were very deeply imbedded in man- 
ganese depositions. 

Station 274, 2750 fathoms. — One large Carcharodon tooth, fully 2-inches (51 mm.) 
in length, and broken piece of another large Carcharodon tooth, both deeply imbedded 
in manganese ; also nine Oxyrhina and five Lamna teeth, 1 the largest l-^. inches (38 mm.) 
in length, some deeply imbedded, along with several fragments of teeth and numerous 
small teeth of other fish. 

Station 27G, 2350 fathoms.— -Over 250 sharks’ teeth and fragments were counted 
from this station, including four large Carcharodons, from 2 to inches (51 to 64 mm.) 
in length, and fragments of similar large teeth; fourteen smaller serrated teeth/ similar 
to Corax or Carcharias ; sixty teeth like Lamna / of various sizes, the largest 1\ inches 
(38 nun.) in length ; thirty Oxyrhina teeth, the largest, Oxyrhina trigonodon / 1| inches 
(38 mm.) in length; fifteen teeth which may possibly be the central fangs of Otodus ; 
and over one hundred small teeth, less than inch (127 mm.) in length. The majority 
were more or less deeply imbedded in manganese. There were also two tabulated teeth 
of Tetradon, and four large otoliths of fish,, similar to those of the Tunny., 

Station 281, 2385 fathoms. — 116 sharks’ teeth and fragments were counted from 
this station, including eleven Carcharodons, one, the largest obtained during the cruise, 
being fully 4 inches (10 cm.) in length, belonging tq Carcharodon. megalodon / the 
others 2 inches (51 mm.) and less in length and over one hundred teeth of Oxyrhina, 
Lamna, &c., the largest 2 inches (51 m) in length. 7 Most of the teeth had a slight 
coating of manganese, while a few were deeply imbedded. 

Station 285, 2375 fathoms. — Over 1500 sharks’ teeth and fragments of consider- 
able size were counted from this station, in addition to immense numbers of very 
small teeth and fragments. There were fifteen nearly, perfect Carcharodons, 6 the largest 
3£ inches (83 mm.) across the base and 2^ inches (64 mm.) in length, and about twenty 
fragments of similar teeth ; twenty small teeth, like Corax or Galeus or Hemipristis ; 9 
about two hundred perfect Oxyrhina and Lamna teeth of various sizes, 19 in addition to 

a See PI. Y. fig. 12. 3 -See PI. YI. fig, 19: 4 See PI. YT. figl. 

« See PI. Y. figs. 2-5, 7 See PL Y. fig. 13 ; PL Yl. figs. 9, 10, 13, 15, 17. 

o See PI. Y. figs. 10, 11. 10 See PL V. figs. 2-7 ; PL, YI. figs, 12, 18, 20, 21, 231 


1 See PL YI. figs. 8, 16. 
s See PL Y. fig. L 
s See PL Y. figs. 6, 7. 
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many hundred, fragments and teeth of small size. The majority of the teeth were more 
or less thieMy coated with manganese, the smaller ones apparently to a greater extent 
than the larger ones. The hard dentine of one of the Cccrcharodon teeth was found to 
contain 3 3 '6 6 per cent, of phosphoric acid, equal to 73*48 per cent, of tricalcic phosphate, 
and 2 '2 8 per cent, of fluorine. The inside of the tooth was filled with deposits of man- 
ganese, iron, and clayey materials, resembling the manganese nodules in composition, 
and containing only 0'83 per cent, of phosphoric acid. 

■ Station 286, 2335 fathoms. — Over 350 sharks’ teeth and fragments were counted 
from this station, including about thirty Carcharodons , 1 half of them perfect, the largest 
nearly 3 inches (76 mm.) in length; about two hundred Oxyrhina and Lamna teeth, 2 
the largest of the former inches (64 mm.), and of the latter If inches (444 mm.), in 
length ; and over one hundred small teeth, Hemijoristis, &c. s All the teeth were more 
or less deeply imbedded in depositions of manganese. Three of the Oxyrhina teeth 
yielded 32*58 per cent, of phosphoric add, equivalent to 71*12 per cent, of tricalcic 
phosphate, while the black material which filled the interior of the teeth yielded only 
7'97 per cent, of phosphoric acid, equivalent to 1 7*39 per cent, of tricalcic phosphate. 

Station 289, 2550 fathoms. — One perfect Oxyrhina tooth, about If inches (28*6 mm.) 
in length, deeply imbedded, and fragment of a similar tooth. 

Station 293, 2025 fathoms. — One Carcharodon tooth, about If inches (44*4 mm.) in 
length, and one Oxyrhina tooth, about If inches (31*6 mm.) in length, the former with, 
the- latter without, a coating of manganese. 

Mammalia. — The remains of Mammalia were exceedingly rare in the great 
majority of the Challenger’s dredgings and trawlings. In all the terrigenous deposits 
and calcareous oozes they were not observed, but the “ Blake ” expedition dredged off the 
coast of North America a few bones, and one or two sharks’ teeth belonging to the same 
species as some of those noted in the foregoing list. Numerous remains of Cetaceans 
were collected by the Challenger in the same trawlings in which the sharks’ teeth were 
obtained, principally the dense earbones and beaks of Ziphioid whales, but besides these 
were a few fragments of the other more areolar bones, evidently in the process of being 
dissolved by the action of the sea-water. A microscopic e xamina tion of the nuclei of 
the manganese nodules revealed the fact that many of these concretions had been formed 
around bone fragments, the structure of which had almost disappeared. The following 
list gives the number, condition, and nature of these Mammalian remains ha the trawlings 
and dredgings at the several stations where they were procured — - 

1 Sections of one are given in PL X. £ga. 4 f 4a. 

2 See PL VI. figs, 14, 22 ; Pl. X. fig, 5 (section) 

s See PL V, figs. 8, 9. 

4 All these hones were examined and determined hy Professor Sir William Turner ; see Eeport on the Cetacea 
Zool ChalL Exp., part iv, 3 
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Atlantic Ocean. 

Station 131, 2275 fathoms.— A tympanic bulla, 2£ inches (63 mm.) in length, closely 
corresponding with that of Ziphius cavirostris } 

Southern Indian Ocean. 

Station 143, 1900 fathoms. — A small indeterminable fragment of bone, about the size of 
a marble, consisting of cancellated tissue, and coated and impregnated with manganese. 

Station 160, 2600 fathoms. — Several tympanic bullae, three apparently allied to Mesoplo- 
don , 2 another belonging to Ddphinus, and a petrous bone apparently of a Gloliocephalus; 
also a nodulated mass of bone, coated and impregnated with manganese, and three small 
fragments, one a flat bone. 

Pacific Ocean. 

Station 274, 2750 fathoms. — Tympano-periotic bone of Gloliocephalus , 8 another of 
one of the Delphinidae , 4 another like that of a Mesoplodon, and six separate petrous 
bones and four separate tympanic bullae belonging to the smaller species of Cetacea; 
also a small fragment of bone forming the nucleus of a manganese nodule. 

Station 276, 2350 fathoms. — Two tympano-periotic bones of Mesoplodon, closely 
resembling Mesoplodon luy&rdi , B eight separate petrous bones and six tympanic bullae, 
one of the latter belonging to Globiocephalus and another allied to Kogia, the rest 
apparently those of Ddphinus. 

Station 281, 2385 fathoms. — Six tympanic bones, 1 to l£ inches (25 to 32 mm.) 
in length, and three petrous bones, all belonging to the family of dolphins. 

Station 285, 2375 fathoms. — Four tympanic bones, 2 - 7 to 4 - 7 inches (7 to 12 cm.) 
in length, belonging to the genus Balxnoptera another closely allied, inches (9 cm.) 
in length ; twenty-five smaller tympanic hones and eighteen petrous bones, belonging to 
the genera Mesoplodon,. Ddphinus, and Gloliocephalus ; a petro-mastoid bone, 4 inches 
(10 cm.) in length, probably belonging to one of the Baleen whales ; and numerous small 
fragments of bone thickly coated with manganese. 

Station 286, 2335’ fathoms. — About ninety tympanic bullae were recognised, and 
various fragments coated with and imbedded in manganese, which appeared to be portions 
of tympanic bones, in addition to forty-two detached petrous hones. A bulla nearly 
6 inches (15 cm.) in length, and a fragment of a similar bone, belong probably to 
Balxnoptera antarctica ; 7 two bullae, one 3 ’6 inches (91 mm.) the other 3*4 inches (86 
mm .) in length, belong probably to Balxnoptera rostrata 8 (possibly Balxnoptera huttoniV) ; 
several bullse, about 3 inches (76 mm.) in length, belong to Balxnoptera, probably an 
extinct species.® Two bones, 3 inches (76 mm.) in length, probably belong to the 
1 Figured in Zool. Chall. Exp-,. pt*. iv. pi. ii. fig. 10,. 

8 See PL VIII. fig. 11. 8 See PI. VIII. figs. 4,5. 4 See PI. VIII. figs. 12, 13. 

8 See PI. VII. figs. 6, 7. 6 See PI. VII. fig. 1. 7 See PI. VII. fig. 2., 

8 See PI. VII. fig. 3. 8 Figured in ZooL. Chall. Exp., pt. iv. pi. ii. fig. 11. 
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Balsenidae. 1 Eight bullae, 2 to S inches (64 to 76 mm.) in length, somewhat resemble 
those of Ziphius camrostris, though without the unciform lobe. 2 About forty specimens, 
1*6 to 2‘3 inches (41 to 58 mm.) in length, belong to the genus Mesoplodon ; the two 
largest, in which the petrous bone was united with the tympanic, could not be deter- 
mined, but the rest apparently belong to Mesoplodon layardi . s Twenty-four specimens, 
1 to l - 7 inches (2.5 to 43 mm.) in length, belong apparently to the Ddphinidae ; the 
longest resembles the bulla of Globiocephalus? others belong to the genus DeVphinus, 
while the smallest are like those of the common porpoise. One specimen belongs to the 
genus Kogia , 8 and other two are closely allied to it. 6 

The larger petrous bones, the longest being 2 inches (51 mm.) in length, probably 
belong to the genus Mesoplodon , the others to the genus Delphinus, while two specimens 
are smaller than those of the common porpoise. 7 There were fourteen specimens consisting 
of the petrous and a portion of the elongated mastoid element continuous with it, varying in 
length from 2'5 to 3 '6 inches (64 to U1 mm.), belonging apparently to the Baleen whales. 8 

There were also numerous fragments of other bones, including a beak of a Ziphioid 
whale, 9 measuring over 8 inches (20 cm.) in length, and three smaller fragments of beaks 
of Ziphioids ; numerous flat fragments, portions of the brain case, 10 and one or two probably 
bits of the shaft of a rib. An irregular mass of spongy bone 8x4x3 inches (20 x 10 
x 8 cm.), not nearly so much impregnated with manganese as the rest, and two smaller 
fragments, 11 one 5x5 inches (13 x 13 cm.), are apparently portions of the expanded wings 
of superior maxillae.. Nearly two hundred small fragments, forming the nuclei of man- 
ganese nodules, exhibited evidence of bone structure. 

A portion of the spongy mass of whale’s bone was completely analysed by Professor 


Tittmar, F.B.S., 12 with the following results : — 

Moisture, » . . . . . 3'0G 

Combined water, . . . . . . 3-66 

Phosphoric acid, ...... 2749 

Carbonic acid, ....... 414 

Fluorine, 0*71 ==(F 2 —0), ..... 041 

Lime, . ... . . . 39‘00 

Magnesia, . . . . . 2-01 

Ferrous oxide, . , . . . . 1‘04 

Ferric oxide, ... ... 4-83 

Biuoxide of manganese, . . . . . 1'61 

Alumina, . . . . . . 2’70 

Silica and substances insoluble in hydrochloric acid, . 9 - 08 

Alkalies and loss, . . . . .. . O' 97 


100-00 


1 See PI. VII. figs. 4, 5. 2 Figured iu Zool. Chall. Exp., pt. iv. pi ii. fig. 12. * See PI. VIII. figs. 1, 2. 

* See PI. VIII. fig. 6. 6 See PI. VIII. fig. 7; also figured in Zool. Oliall. Exp., pt. iv. pL ii. fig. 13, 

8 Figured in Zool. Chall. Exp., pt iv. pi. ii. fig. 14. 7 See PI. VIII. figs. 8, 9, 14. 8 See PI. VIII fia 3 

9 See PI. X. fig. 1. 10 See PL X fig. 2. ■ " 9 See Pl. X. fig. 3. i* See Appendix III. ' 
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The insoluble residue consisted apparently 
hydrochloric acid seemed to be a mixture of— 

of amorphous silica. 

The part soluble in 

Phosphate of lime, 

60*0 per cent of the whole substance. 

Carbonate of lime* 

9-4 

19 

Fluoride of calcium, 

1-4 

19 

Binoxide of manganese, 

16 

11 

Ferric oxide, . 

4-8 

If 

and minor constituents. 




A portion of a fiat whale's bone, much impregnated with manganese, was submitted 
to analysis. A small portion in the centre, comparatively uncoloured by the manganese, 
was used for the following determinations : — 


Moisture, ..... 2 - 87 per cent. 

Phosphoric acid, .... 2913 „ 

Fluorine, ..... 1'44 „ 

Lime, . . . . . . 36 ’05 „ 

Substances insoluble in hydrochloric acid, ., 2' 91 „ 


There was an appreciable quantity of manganese present, and also a trace of cobalt. The 
outer manganiferous portion was completely analysed, with the following results : — 


Portion insoluble in hydrochloric acid, . 

5-76 

Total water, ..... 

9-77 

Manganous oxide, .... 

20-22. 

Loose oxygen, ..... 

3-49 

Ferric oxide, ♦ 

G-54 

Alumina, ..... 

1-66: 

Lime, ...••• 

19-71 

Magnesia, .... 

7-42 

Potash, . 

0*55 

Soda, ...♦*• 

1-1.2 

Phosphoric acid, 

18-59 = 40'90 per cent, tricalcic phosphate. 

Carbonic acid, ...» 

3-87 

Traces of copper, chlorine, fluorine, and loss, . 

1-30 


10000 


The manganese is probably present mostly as hydrated binoxide, and partly as pro- 
toxides. 

Another portion of a flat whale’s bone, in which the manganese was pretty well 
diffused throughout, was used for the following determinations 


Moisture, , • 5*49 per cent. 

Combined water, ..... 6'88 „ 

Phosphoric acid, .... 13’05 „ 

Fluorine, °‘ 65 

(deep-sea deposits ohall. exp.— 1891.) 35 
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One-half of an earbone of Balsena (?) was analysed, and for that purpose the man- 
ganese filling the cavity of the bone was scraped out and Analysed separately. The 
white siliceous-looking core gave the following results : — 


Insoluble in acid, 

Moisture, 

Combined water, 

Phosphates of iron and alumina, 
Phosphoric acid, 

Carbonic acid, . 

Fluorine, 14 =(F 2 — 0), . 
Sulphuric acid, . 

Chlorine, 

lime. 

Alkalies and loss. 



0-06 

2-21 

2-22 

042 

3 4 '13 = 74't5 per cent, tricalcic phosphate. 
6-61 
0-81 
0-81 
trace 
49-85 
0-77 
211 


100-00 


The contents of the cavity gave on analysis the following results : — 


Insoluble in acid. 
Total water, 
Manganous oxide, 
Loose oxygen, . 
Ferric oxide. 

Lime, 

Magnesia, 

Alumina, 

Silica, 

Phosphoric acid. 
Potash, . 

Soda, 

Nickel and copper, 


13-66 

27-00 

2713 

313 

8-34 

4-34 

4-03 

6-54 

1- 31 

2- 39 

1- 07 

2- 39 
traces 


101-33 

The insoluble residue was apparently all amorphous silica. The soluble portion 
apparently consists of hydrated sesquioxides of manganese and iron and decomposible 
silicates. 

The inner, almost uncoloured, portion of an earbone of Baleenoptera was used for 


the following determinations : — 


Moisture, 

1’60 per cent. 

Combined water, 

1-34 „ 

Phosphoric acid, 

31-21 „ = 6813 per cent, tricalcic phosphate 

Fluorine, 

1-89 „ 
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The inner portion of the large Ziphius beak gave the following results : — 


Moisture, 
Combined water, 
Carbonic acid, 
Phosphoric acid. 
Fluorine, 


1 T4 per cent 


2-78 

6-81 

33-30 

1-65 


ft 

M 

„ = 72‘69 per cent, tricalcic phosphate. 

>r 


Station 289, 2550 fathoms. — Three large tympanic bones, 3 to 4 inches (8 to 10 cm.) 
in length, apparently belonging to the genus Balasnoptera, and two nodules with bony 
nuclei. 

The inner portion of an earbone of Balsenoptera was used for the following deter- 
minations : — 

Moisture, .... 1*61 per cent. 

Phosphoric acid, . . . 32-73 „ = 71'44 per cent, tricalcic phosphate. 

Fluorine, .... TGI „ 


Station 293, 2025 fathoms. — One small indeterminable fragment of bone, impregnated 
with manganese. 

Station 299, 2160 fathoms. — One bilobed tympanic bulla, with the petrous bone 
attached, apparently of a Globioccphalus. 


On comparing the preceding analyses of these deep-sea bones and teeth 1 with analyses 
of recent and fossil bones, 2 it is found that as regards the phosphoric acid there is not much 
divergence, except where there is much manganese in the specimen : in deep-sea bones 
the percentage varies from 27 to 34, in recent bones 22 to 34, and in fossil bone 33 ; 
the same is the case with the lime : in deep-sea bones 36 to 49 per cent., in recent bones 
30 to 41 per cent., and in fossil bone 48 per cent. 

The most striking difference is in the fluorine, the percentage of which in recent 
bones is only 0 - 004 to 0 - 032 per cent., in fossil bone 1'50 per cent., while in deep-sea 
bones it varies from 0"65 to 1 "89 per cent., and in deep-sea teeth it reaches 2*28 per cent. 
These deep-sea specimens of bones and teeth thus resemble fossil bones in the large per- 
centage of fluorine they contain. This fluorine might he assumed to be the original fluorine 
of the bones rendered more abundant by the removal of the lime salts, but more probably 
it owes its origin tO‘ a continuous, though slowly progressing,' double decomposition between 
the phosphate of the bone and the traee of dissolved fluorides in the sea-water. 

Some of the bones and teeth were in a much better state of preservation, than others; 
in some the coating of manganese was very thin, and the Haversian canals and lacunae 
were but little impregnated by that substance, so that a fractured surface was greyish 
white; in others, not only were the bones thickly encrusted, but the canals and lacunae 
were nearly all infiltrated with the manganese, as will be seen by reference to the illustra- 
tions on Plate X., so that the fractured surface was- brown or black, and the bones very 

1 See Analyses Nos. 137 to 153, Appendix HI. s - See Analyses Nos. 153A, B, O, D. 
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brittle. The great majority of the large cancellated bones of the whales appear' to have 
been wholly removed from the deposits through the chemical action of the sea-water. 

With respect to the distribution of the earbones and fragments of other Cetacean 
bones, it will be observed that no specimens were obtained north of the equator either in 
the Atlantic or Pacific. From terrigenous deposits only one earbone was dredged, viz., at 
Station 29ft, 2160 fathoms, over 100 miles from the South American coast, where the deposit 
was a Blue Mud. These Cetacean bones are also rare in Globigerina Ooze, being obtained 
in only three instances, viz., one bulla at Station 131, 2275 fathoms, in the South Atlantic 
(the only Cetacean bone procured in the Atlantic) ; a fragment at Station 143, lftOO fathoms, 
100 miles south-east of the Cape of Good Hope ; and another fragment at Station 293, 
2025 fathoms, in the South Pacific. With the above exceptions all the bones of Cetaceans 
procured during the Challenger Expedition were dredged from Bed Clays and Eadiolarian 
Oozes, and these are all situated in the Central South Pacific, excepting Station 160, 2600 
fathoms, in the Southern Indian Ocean, 500 miles southwest of Australia. 

The preservation of the earbones and fragments of beaks of Ziphioid whales is to be 
accounted for by the great density of these portions of the skeleton, and the consequent 
small amount of surface presented to the action of sea-water when compared with the 
cancellated hones. Professor Sir William Turner points out that he could not identify 
any of the bones as' belonging to the great Sperm Whale (Physeter macrocephalus), 
although the traek of the Challenger, where these hauls of Cetacean bones were made, was 
through the part of the Pacific frequented by that huge Cetacean. 

The distribution of the sharks' teeth in the deposits is similar to that of the bones of 
Cetaceans, although they were dredged more frequently. They are most abundant in 
the red clay areas far removed from land, and especially in those of the Central South 
Pacific; they were less frequently taken in the organic oozes of the deep sea, and only 
in one or two instances in the terrigenous deposits surrounding continental or other 
land. It seems undoubted that many of the teeth of sharks and the bones of the 
Ziphioid whales belong to Tertiary and extinct species. 

In the foregoing paragraphs we have indicated the various kinds of organic structures 
of a calcareous nature which enter into the composition of marine deposits, and we have 
to some extent pointed out their bathymetrical and geographical distribution. Those 
Structures, like the bones of fish and marine mammals, or even the exoskeletons of Crus- 
tacea, which are very areolar in structure, and contain a large quantity of phosphate of lime 
associated with much albuminoid matter, appear to he able to resist the solvent action 
of sea-water only for a relatively short time, so that they disappear from marine deposits 
mueh more rapidly than the bones with a denser structure. The otoliths of fish, the 
hard dentine of sharks’ teeth, and the dense earbones and beaks of cer tain whales, resist 
for a longer time the solvent action of the sea-water, and may therefore accumulate and 
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be preserved in the deposits. But from what has been said as to the condition of t h es e 
bones, it cannot be doubted that even the densest specimens would ultimately quite dis- 
appear if continually exposed at the bottom of the sea. In deposits where there is a more 
rapid accumulation, it is not improbable that these bones and teeth would be covered up by 
detrital matters, before being wholly dissolved, and being thus protected some remnants 
of them might be preserved in the beds now forming at the bottom of the ocean. 

In the case of shells and other skeletal structures, like Corals, Molluscs, Foraminifera, 
and calcareous Algse, there is likewise a difference in the extent to which they can resist 
the destructive effects of exposure to sea-water. Those which have a porous structure, 
with a large quantity of albuminoid matter in the shell or skeleton, disappear much more 
rapidly than those compact shells with a close texture, which consequently expose a 
relatively much . smaller surface to the action of the surrounding water. As already 
indicated, the conchioline, that is, albuminoid matters associated with the calcareous 
structures, would at first, as shown by Bischoff, protect the calcareous structures ; but 
when putrefaction sets in, the areolar structure and the decomposing organic matters 
would accelerate the solution of the calcareous shells and skeletons. In all cases, how- 
ever, calcareous structures of all kinds are slowly removed from the bottom of the ocean 
on the death of the organisms, unless rapidly covered up by the accumulating deposits, 
and in this way protected to a certain extent from the solvent action of the sea-water. 
It is evident from the Challenger investigations that whole classes of animals with hard 
calcareous shells and skeletons, remains of which one might suppose would be preserved 
in modern deposits, are not there represented ; although they are now living in immense 
numbers in the surface waters or on the deposits at the bottom, in some regions all 
trace of them has been removed by solution. A similar removal of calcareous organic 
structures Inis undoubtedly taken place in the marine formations of past geological eras . 1 

In the warm waters of the tropical regions of the ocean there is the greatest develop- 
ment of lime-secreting organisms. This is rendered evident not only by the vast organic 
accumulations known as coral reefs, but by what has been said above as to the number of 
pelagic species of calcareous Algse, Foraminifera, and Molluscs, which inhabit the surface 
and subsurface waters of the tropics, and whose dead remains form organic accumulations 
at the bottom of the sea far exceeding in extent and importance those of coral reefs. On 
the other hand, there is a restricted development of these calcareous structures both in 
the cold waters of the deep sea and in those of the temperate and polar regions ; it is 
observed that in the shells and skeletons of deep-sea animals there is a marked deficiency 
in carbonate of lime, and the same holds good, in a general sense, with the organisms in 
polar waters. The probable cause of this distribution has been indicated when treating 
of the changes produced by organisms in the constitution of sea-water salts . 2 

1 Murray, “ The Muitoao TaUrida, with special reference to their Geological Structure,” Scot. Oeogr. Mag., vol. vi. 
p. 482, 1890. 3 See pp. ,254-256. . 
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In tropical and temperate regions there is likewise a much greater accumulation of 
carbonate of lime remains on the bottom than at like depths towards the polar areas, 
where the surface waters have a low temperature throughout the year. At the present 
time, then, it is evident that there is a decided tendency for carbonate of lime deposits to 
accumulate towards the equatorial regions of the ocean. In the central parts of the 
equatorial regions of the ocean basins this carbonate of lime is almost exclusively derived 
from the shells and skeletons of pelagic organisms whose habitat is in the warm surface 
and subsurface waters. That these pelagic shells should be abundant on the bottom in 
tropical regions at nearly all moderate depths, and wholly or almost wholly absent from 
the deposits in all the greater depths, has been regarded as one of the most remarkable 
facts brought to light by the Challenger investigations. This fact, however, admits of a 
ready explanation, if it be remembered that all these shells are subject to solution imme- 
diately on the death of the organisms, that only a small number of them — the more 
delicate ones — are wholly removed in falling through a moderate depth of water, while a 
very large proportion are wholly dissolved in falling through a depth of four or five miles. 

Mr. Murray made a large number of experiments during the expedition with the view 
of ascertaining the rate of fall of pelagic organisms in sea- water. The experiments were 
conducted in a long glass cylinder, and the rate was found to vary greatly according to 
the shape of the shell and the albuminoid matter associated with it. According to the 
results of these experiments it would take from three to six days for the shells to reach a 
depth of 2500 fathoms. In the deeper layers the rate of fall would probably be much 
slower than in the surface layers, owing to the shells being less compressible than water. 1 
It has also been shown that solution of carbonate of lime shells takes place more rapidly 
under pressure.® In this dissolution of the carbonate of lime shells the reaction referred 
to on pages 255 and 256 appears to play an important role. Besides it must be remembered 
that in the greater depths of the ocean, those shells which may reach the bottom are not 
covered up so rapidly by other shells falling from the surface, as they undoubtedly are 
in the shallower depths, where large numbers reach the bottom, and there acc um ulate. 
The practically motionless water in contact with the large quantity of carbonate of lime 
in moderate depths would in addition soon become saturated, and consequently be 
unable to take up more carbonate of lime, for sea-water can only take up a relatively 
small quantity of carbonate of lime in addition to what it normally cont ains . The water 
in contact with the deeper deposits, in which there is but little carbonate of lime, would 
not become thus saturated. These considerations also explain why the whole of the 
carbonate of lime shells are removed from the deposits at lesser depths in extra-tropical 
regions, where there are fewer living calcareous organisms at the surface, than in the tropics 
beneath the warm oceanic currents, where the surface shells are much more abundant. 3 - 

1 Murray and Irvine* Proc. Roy Soc. Edin. 9 vol. xvii. p. 98. 

2 Beid ; Proc. Roy, Soc. Edin ., vol. xv. pp. 151-157, 1888. 8 Murray and Irvine, Proc. Roy. Soc. Edin, y vol. xvii. p. 97. 
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The gradual disappearance of the carbonate of lime remains from deep-sea deposits 
with increasing depth is exhibited in the following table giving the mean percentages 
of carbonate of lime in 231 samples of organic oozes, Red Clays, and Coral Muds from 
the Challenger collections, arranged in groups of 500 fathoms : — 

14 cases under 500 fathoms, average per cent. CaCO s , 86*04 


7 

99 

from 500 to 1000 

99 

99 

99 

. 


66*86 

24 

91 

„ 1000 to 1500 

99 

99 

99 



70*87 

42 

99 

„ 1500 to 2000 

99 

91 

99 



69*55 

68 

99 

„ 2000 to 2500 

99 

91 

99 



46*73 

65 

f 1 

„ 2500 to 3000 

99 

99 

5 5 



17*36 

8 

91 

„ 3000 to 3500 

99 

99 

91 

* 


0*88 

2 

99 

„ 3500 to 4000 

99 

99 

9 9 



0*00 

1 

99 

over 4000 

99 

99 

99 

• 


trace. 


The fourteen samples under 500 fathoms are chiefly Coral Muds ; in the seven 
samples from between 500 and 1000 fathoms there are many mineral particles from 
neighbouring continents and islands. In all the depths beyond 1000 fathoms the 
carbonate of lime is almost exclusively derived from the shells of pelagic organisms 
that have fallen to the bottom from the surface waters, and it will be observed that in 
all the greatest depths of the ocean all of these pelagic calcareous shells have dis- 
appeared from the deposits. 

Many years ago Sorby 1 called attention to the importance of observing the form in 
which carbonate of lime is built up in animal structures : whether the shells be com- 
posed of aragonite or of calcite. According to him some shells are found to be com- 
posed wholly of calcite, while others are composed of aragonite or of layers of calcite 
and aragonite. 2 The prismatic aragonite is much less stable than calcite, and consequently 
much more soluble. It has been stated by geologists that in some geological formations 
the aragonite shells were completely removed from the rock while the calcite shells were 
preserved. Some observers s have attempted to apply the same reasoning to the dis- 
appearance of the calcareous shells from the deeper deposits of the oceanic basins, it 
being held that the aragonite shells, or the aragonite portions of shells, have been removed 
in solution while the calcite shells, or the calcite portions of shells, are preserved in the 
deposits. It does not appear to us that any sufficient explanation of the facts to which 
we have just referred can be found in this direction. It is exceedingly difficult to 
determine by optical means whether or not any of these pelagic and microscopic shells 
are aragonite, and it is equally difficult to apply the specific gravity test with accuracy. 

1 Sorby, Presidential Address to the Geological Society, February 1879. 

a See also F. Leydolt, Sitmngsb. d. h. Alcad. Wiss. Wien, Bd. six. pp. 10-32, 1856 ; G. Rose, Abhandl. d. h. ATead. 
Wiss . Berlin, 1858 (Phys. KX), pp. 63-111. 

s Th. Fuchs, Sitzb. d. k Alcad, Wiss . Wien, Bd, lxxvi. pp. 329-334, 1877 ; Neues Jahrbuch fur Min. etc., Jahrg. 
1882, Bd. ii. pp. 487-584. 
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The largest forms hitherto discovered are from tropical or subtropical surface waters, 
e.g,, Ethmodisd, Castracane = Coscinodiscus gazellse, Janisch, Coscinodiscus imperator, 
Janiseh, Coscinodiscus praetor, Grove, Coscinodiscus nobilis, Grun., Coscinodiscus sol, 
Wallich. The most delicate species are especially tropical or subtropical, e.g., the peri- 
pheral rotate rim of Coscinodiscus sol, many Rhizosolenise, and Chsetocerotidse ; this 
applies equally to the degree of tenuity of the siliceous test as a whole, to the nature of 
its ornamentation as determined by the difficulty of microscopical resolution, and to the 
siliceous appendages when present . 1 This great development of Diatoms at the surface of 



Fig. 28.— Fnistule of Ethmodiscus wyviUeanus, Castracane (¥)• Fig. 29.— Portion of Frustule of Ethmodiscus sp. Hp). 

the sea takes place especially in brackish water, or in sea- water where the salinity is relatively 
low, as, for instance, in the Antarctic and Arctic Oceans, and in estuaries or off the mouths 
of great rivers. In the warm and salter waters of the ocean Diatoms are less abun dan t, 
and the frustules as a rule are much thinner than in the colder and less salt waters of 
the polar regions or in the warm brackish waters off continental shores in the tropics. 

In deep-sea deposits the remains of these pelagic Diatoms can generally be detected 
if a considerable quantity of the deposit be carefully examined. In some Pteropod and 
Globigerina Oozes and Coral Muds, however, no trace of Diatoms have been observed 
after the removal of the carbonate of lime from a large sample and a subsequent careful 
examination of the residue ; they are also extremely rare in, or absent from, some of the 
deep-sea clays. In terrigenous muds, especially when near the mouths of great rivers, 
they frequently occur in great abundance. 

1 Mr. John Rattray , M.A., F.R.S.E., a diatomiBt who has examined mahy of the Challenger deposits, says in an 
MS. letter to Mr. Murray:-" No dead tests are to be considered absolutely indestructible in time. Delicate Oh*to- 
cerotid® are not found in oceanic deposits nor in geological strata. Coscinodisci disrupt along lines passing through and 
not between, the hexagonal markings ; the extremities of a RHzosolenia separate from the more destructible, spirally- 
ornamented, intermediate, cylindrical areas, and are alone preserved. In any one oceanic deposit, where the degree of 
solvent power must be the same for all forms, the degree of persistence varies directly as the strength of the siliceous 
parts, e.g. .cingula are less persistent than valves. Ou comparing the same species from widely-separated areas the 
balance of evidence goes to show that more robust forms occur in more polar areas, and more delicate ones in more 
equatorial areas. _ The differences observable are slight, but specimens of Cosoirwdiscus Imtiginosus, Coscinodiscus Mis, 
&c.j point to then real existence ” , ’ ’ 


REPORT ON THE DEEP-SEA DEPOSITS. 


283 


In the typical Diatom Ooze from Station 157, 1950 fathoms, about forty-eight species 
have been recognised, and it is estimated that the recognisable species together with 
their minute broken parts, make up fully 50 per cent, of the whole deposit; in some 
specimens of Diatom Ooze this percentage of Diatom remains is still higher. In the case 
of some deep Red Clays of the tropical Pacific, for instance, Station 229, 2500 fathoms, 
in lat. 22° N., 36 species of Diatoms have been recognised, but in this deposit it is esti- 
mated that the Diatom remains do not make up over 2 per cent, of the whole deposit. 
In the case of a Blue Mud off the coast of Japan, Station 237, 1875 fathoms, in lat. 
34° N., 61 species of Diatoms have been recognised, still it is estimated that here again 
they do not make up more than 3 or 4 per cent, of the whole deposit. In a Radiolarian 
Ooze, Station 269, 2550 fathoms, in lat. 5° 54' N., there have been recognised 51 species 
of Diatoms, and it is estimated that here their remains make up about 15 per cent, of 
the whole deposit. It will thus be noted that although Diatom remains may, in a 
Diatom Ooze, make up fully one-half of the whole deposit, and in a Radiolarian Ooze 
15 per cent., in other kinds of deposits they seldom make up over 2 or 3 per cent. It 
is true that in the fine washings of a deposit a relatively large number of very minute 
broken-down fragments of Diatoms may be recognised, so that could these be determined 
with certainty, a larger percentage might be given in many cases to these Diatom remains. 
It is also to be noted that in tropical regions ( e.g ., Station 269), where the remains make 
up only 3 or 4 per cent, of the deposit, the number of species may be greater than in a 
deposit from high southern latitudes (e.g . , Station 157), where the remains make up fully 
two-thirds of the whole deposit ; fourteen species are recorded as common to these two 
deposits. 1 It seems difficult to account for the absence of Diatom remains in some 
deposits, except on the supposition of their removal by exposure to the action of sea- 
water ; this subject will be referred to further on. 

j Radiolaria . — The Radiolaria are quite as widely distributed in oceanic waters as the 
Diatoms, but while Diatoms are probably more abundant near shore and in brackish 
waters, the Radiolaria on the other hand flourish in purely oceanic regions. One whole 
legion — the Acantharia — has a skeleton composed of aeanthin, a substance related 
apparently to chitin,* and the representatives of this legion are almost wholly absent from 
the deposits at the bottom of the sea. The most abundant species in the deposits belong 
to the legions Nassellaria and Spumellaria. The species belonging to the fourth legion — 
the Phseodaria — are frequently met with in the deposits, but not so abundantly as might 
have been expected, this probably arising from the fact that many of the species of the 
Phseodaria contain a large quantity of organic matter in the composition of their shells, 
and thus owing to their areolar structure are more easily dissolved than the shells 
composed of pure silica.® 

1 Mr. Comber recognises 48 species and 4 varieties in Station 157, and 44 species and 1 variety in Station 269, and 
11 species common to the two Stations. 

3 See TTftflftirel, Report on the Radiolaria, Zool. ChaU. Exp., part xl. p. lxx. 8 Haeckel, be. tit., p. lxix. 
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The species of Radiolaria are most abundant in tropical waters of rather low salinity, 
especially in the western and central Pacific and eastern Indian Oceans. In the 
Diatom Ooze at Station 157, in 1950 fathoms, lat. 53° 55 / S., 84 species of Radiolaria 
have been recognised, while in the Radiolarian Ooze at Station 225, in 4475 fathoms, 
lat. 11° 24:' N., 338 species have been found, and of these only six species are common 


to the two stations, two belonging 
. 4 1 to the order Sphseroidea, three 

\ L £ to the Discoidea, and one to the 

^ /I Cyrtoidea. The results of numer- 

I JI ous tow-net experiments appear 

f show that the Phseodaria, and 
.V, many of the Nassellaria, live in 

f ~ i,'* r -' ll? deep water, at a temperature as 

■$,- i° w as 40° F. In a Radiolarian 

Ooze the percentage of Radiolaria 

Fig. 80 . — Tusccrora belknapi, M" urray Fig. 81 . — Challengeria naresii, Murray ^ 60 OF 70 per 

(one of the Phseodaria). North (one of the Phseodaria). North Cent., and in a Diatom Ooze Or 
Pacific, 500 fathoms. Pacific, 500 fathoms. nt i • • ^ 

Orlobigenna Ooze, as high as 10 
per cent., but generally the percentage is very much less. In terrigenous deposits the 
Radiolarian remains seldom make up over 2 or 3 per cent, of the whole deposit. 

Sponge Spicules.— The spicules of siliceous Sponges are universally distributed in the 
different kinds of deep-sea deposits, the Hexactinellid spicules prevailing in deep water 
and the Tetractinellid and Monaxonid spicules in the shallower depths. In some regions 
siliceous Sponges were dredged in great numbers, for instance, off Kerguelen, in 120 
fathoms, over one hundred specimens of Rossella antarctica were obtained in one 


Fig. 81. — Challengeria, naresii } Murray 
(one of the Phseodaria). North 
Pacific, 500 fathoms. 


haul of the trawl ; at Zebu, Philippines, numerous specimens of Euplectella and other 
Sponges were obtained in 100 fathoms ; off the Ki Islands, in 129 fathoms, there were 
eighteen species of Hexactinellida and a large number of individuals ; in the Atlantic 
near the Cape Verdes there was procured in 1525 fathoms a large specimen of Poliopogon 
amadou (2x2 feet), attached to the branches of an Alcyonarian Coral ; off the Kermadecs, 
in 630 fathoms, there was obtained another Poliopogon (. Poliopogon gigas), measuring 
3^ x 2 feet, which was but a fragment of what appeared to be an enormous Sponge ; in 
the Faroe Channel a large number of specimens of Pheronema (. Holtenia ) were dredged 
from a depth of 530 fathoms by the “ Porcupine.” In the deposits from areas like the 
above, where these siliceous Sponges flourish in large numbers, the spicules are particu- 
larly abundant, and make up a large proportion of some specimens of the deposit. With 
the exception, however, of the samples obtained from among these patches, terrigenous 
or pelagic deposits do not as a rule contain a large percentage of Sponge spicules, the 
average proportion in any of the types of deep-sea deposits not exceeding 2 or 3 per 
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cent, of the whole deposit. The silica of these spicules is intimately associated with 
organic matter, the spicules being composed of alternate layers of opal or hydrated 
silica and organic substances. 1 The percentage of water in the various analyses of 
Sponge spicules varies from 7 to 13 per cent. 2 There is abundant evidence to show that 
these spicules are slowly dissolved in the sea- water after the death of the animal. 8 






Fig. 32,—Poliopoffon Wyville Thomson (£). 

In addition to the Diatoms, Radiolarians, and Sponge spicules, there are large 
numbers of .Foraminifera, Annelids, Crustacea, and Molluscs, which form their shells, 
tubes, and houses of Sponge spicules, Radiolarians, Diatoms, and other materials 

* See Schulze, Report on the Hexaetinellida, Zool. Chall. Exp., pt. liii. ; Ridley and Dendy, Report on the 
Monaxonida, Zool, Chall, Exp., pt. lix. ; Sollas, Report on the Tetractinellida, Zool. Chall. Exp., pt. lxiii. ; Thoulet, 
Gomptes Rmdus, tom. xcviii. pp. 1000, 1001. 

2 Sollas, toe. cti., pp, 47 et seq.; Thoulet, be. oil 


3 Schulze, loc. cil, pp, 26, 27. 
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found in marine deposits, but these do not in any case make up a large percentage of 
the whole deposit, and being composed of foreign particles need not be specially 
referred to here. The glauconitic casts of Foraminifera and other calcareous organisms 
frequently form a considerable part of Green Sands and Muds ; these, together with other 
casts, will be referred to in detail further on. 

The greater abundance of siliceous organisms in the surface and subsurface waters of 
some regions of the ocean than in others leads us to enquire if there may not also be a 
variation in the quantity of available silica in the waters of different regions. In the 
analyses of samples of sea-water, silica has always been found whenever specially 
looked for, and a relatively large number of attempts have been made at a quantitative 



Fig. 33.— Characteristic forms of the dermal spicules of Hexactinellida, a, spicule of Walteria fiemmingii, Schulze ; 5, of 
Sympagella nux, Schmidt .; c, d } of Eyalonma sieboldi, Gray ; ej 9 g, of Rossella antarctica , Carter. 


determination. When these analyses are examined they can be arranged into a maximum 
set of determinations, showing 1 part of silica in 9000 to 82,000 parts of sea-water, and 
a minimum set, showing 1 part of silica in 120,000 to 1,460,000 of sea-water. Murray 
and Irvine have pointed out that in all probability the maximum results were obtained 
from unfiltered waters, and the minimum from filtered waters, for sea-water, when care- 
fully filtered, gives an average proportion of 1 part of silica in 250,000 parts of sea-water, 
and this amount of soluble silica appears to be almost constant in purely oceanic waters, 
coast waters, and in many river waters. The amount of soluble silica in sea-water is thus 
so small that it seems almost impossible to admit that this is the exclusive source from 
which the numerous siliceous organisms in oceanic waters obtain the material to form 
their shells. The quantity of water that would require to be in contact with, or pass 
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through, each Diatom or other organism to enable it to form its siliceous frustule or 
skeleton would be enormous. In the case of the carbonate of lime organisms it has been 
shown that they can obtain the material for their shells from the other salts of lime in 
solution in sea- water . 1 In the case of the silica, however, the total silica in solution in 
sea-water can only be present in the one condition, so that an analogous interpretation is 
impossible. Is there then any other source from which these organisms may derive their 
silica ? 

It appears to have been generally accepted by recent writers that all the clayey 
matter held in suspension in river water is thrown down when the river water enters, 
and is mixed with the waters of, the ocean, and there is little doubt that this view is 
in the main correct . 4 It is an undoubted fact that almost all the clay held in suspension 
in fresh water falls rapidly to the bottom on mixture with sea-water. It appears, 
however, that this precipitation takes place more rapidly at a high than at a low tem- 
perature ; 3 for instance, a sample of sea- water with clay in suspension was divided into two 
portions and allowed to stand for twenty-four hours, the one portion at a temperature of 
50° F . and the other at 80° F . ; at the end of that time in the former case 0 - 0188 gramme 
per litre remained in suspension, and in the latter only 0‘0083 gramme per litre. It would 
also appear that a small quantity of clayey matter may be held in suspension for an 
indefinite time, even in the saltest and warmest waters of the ocean. A large sample of 
water (14 litres) from the North Atlantic, lat. 51° 20' N., long. 31° W ., contained 0‘0052 
gramme per litre, or about 1601 tons of clay in a cubic mile of sea-water. A similar 
sample from the centre of the Mediterranean gave 0'0066 gramme per litre, or 2031 
tons of clay per cubic mile. Another sample from the German Ocean gave nearly 
identical results as in the water from the Mediterranean. It is true that the soluble 
silica in a cubic mile of sea-water (17,000 tons) greatly exceeds the quantity of silica in 
the suspended clay found in the above experiments, but Murray and Irvine suggest that 
it is not improbable that the clayey matter in suspension contains silica in a more 
available form than the silica in solution, from the clay being locally abundant in certain 
layers, in place of being dissolved in 250,000 times its weight of water, as would be the 
case with silica in solution. 

If, then, the pelagic organisms which secrete silica for their frustules, shells, and 
skeletons, obtain it from the hydrated silicate of alumina or clay held in suspension in 
sea-water, as well as from the silica in solution in sea-water, we may in this way have 
some explanation of the fact that these organisms abound in brackish waters and waters 
of a low salinity and low temperature, where, for the reasons stated above, this finely- 

1 Murray and Irvine, Proc. Boy . Soc. Edin., vol. xvii. p. 91, . 

3 See E. W. Hilgard, Amer . Journ. Sci. 9 ser. 3, vol. vi. p. 338, 1873; W. H. Sidellin Humphreys and Abbots 
Report on the Mimmppi, App. A. No. 2, pp. 495 et seq., 1876 ; J. D. Dana, Manual of Geology, 3rd ed., p. 677, 1880. _ 

s Murray and Irvine, “ On Silica and the Siliceous Remains of Organisms in Modern Seas,’ Proc. Roy. Soc. Mdm., 
vol* xviii. pp. 229-250, 1891. 
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divided matter is more abundant than in the warmest and saltest waters of the ocean. 
In this connection it may be observed that there is a relatively low salinity, as well as 
low temperature, in the Arctic, the Antarctic, and Southern Oceans ; in the western 
Pacific and eastern Indian Oceans there is also a relatively low salinity, and in both 
these regions Radiolaria and Diatoms are especially abundant. 

In the case of siliceous Sponges, which are rooted for the most part in the oozes and 
days, the silica of their skeletons may be derived from the silica in solution in sea-water, 
or from the colloid silica set free during the decomposition of the felspathic rock fragments 
and minerals in the deposits. 

We have frequently referred to the fact that the remains of Diatoms and Radiolarians 
cannot be detected in many of the calcareous oozes, although they live in abundance in 
the surface and subsurface waters of the region. It is most probable that they were at 
one time present in the deposit and have been removed in solution. 1 That both siliceous 
and calcareous organisms, when together in the organic oozes, are acted upon by sea- water, 
is shown by the following experiments : — A portion of mixed Diatom and Globigerina 
Oozes was placed in a litre of sea-water and some mussel flesh added, so as to obtain as 
nearly as possible the conditions attending decomposing organic matter on an ocean floor. 
After a week’s exposure, during which time the organic matter had become putrid, the 
water was carefully filtered from the sediment, and the silicic acid determined in the 
filtrate. The amount found was equal to 0 - 025 grm. per litre, or, according to the 
amount of water, 1 part of silica had been dissolved from the Diatom Ooze in 41,000 
parts of sea-water. This action of silicic acid in decomposing carbonate of lime was 
further proved by exposing 2 grms. of the mixed oozes to boiling water for half an hour, 
the amount of silicic acid present in a soluble condition after that period amounting to 
0'014 grm., or 1 part in 80,000 of water. To check this result, and at the same time to 
determine whether the decomposing action of silicic acid upon carbonate of lime was con- 
tinuous, the same sample of the mixed oozes was heated with successive quantities of sea- 
water, when it was found that each portion of water contained soluble silica. 


f Relative Frequency op Organic Remains in Deep-Sea Deposits. 

Detailed statements have been given above of those stations at which the remains of 
vertebrates have been obtained in the dredgings and trawlings of the Challenger Expe- 
dition. The relative frequency of organic fragments observed during the examination of 
the small samples of the deposits from the sounding tube may now be noted. The 
frequency of occurrence is in the first instance given for the deep-sea deposits as a 
whole, and secondly, for the pelagic deposits as a whole. These numbers are solely 

1 See Murray and Irvine, Proc. Boy. Soc. Edvn vol. xviii, p. 249. 
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derived from the examination of the Challenger samples, but may fairly be taken as an 
index of the relative frequency of occurrence of these organic fragments in all deep-sea 
deposits. 

, TIl f e are 848 Challenger deposits fully described in the Tables of Chapter IL, and 
the order of frequency is as follows, the number of times the various org an ic remains 
were observed being indicated in brackets : — 

Globigerinidse (306 times), Radiolaria ( 274 ), Sponge spicules ( 271 ), Rotalidse ( 269 ), 
Echinoderm fragments ( 266 ), pelagic Pulvinulinx ( 263 ), Lituolidae ( 244 ), Miliolidse 
( 241 ), Coecoliths ( 235 ), Lagonidse ( 211 ), Textularidae ( 201 ), Diatoms ( 181 ), Rhabdoliths 
( 179 ), Ostracodes ( 173 ), Astrorhizidae ( 145 ), Lamellibranchs ( 121 ), Pteropods ( 119 ), 
Nummulinidao ( 112 ), Gasteropods ( 109 ), otoliths and bones of fish ( 102 ), Polyzoa ( 91 ), 
casts ( 78 ), teeth of fish ( 65 ), Heteropods ( 61 ), Serpula, and other worm tubes ( 53 ), 
arenaceous lextularhhn ( 34 ), calcareous Algae ( 27 ), Alcyonarian spicules ( 24 ), Coral 
fragments ( 23 ), Coecospheres ( 20 ), Dentalium ( 19 ), arenaceous Foraminifera, families 
not given ( 15 ), Brachiopods ( 8 ), Cephalopod beaks ( 8 ), Cirripedia ( 7 ), Chilostomellidae 
(l), and Crustacean fragments (1). 

lliere are 215 purely pelagic deposits fully described, and confining our attention to 
these, viz., the Red Clay, Radiolarian, Diatom, Globigerina, and Pteropod Oozes, the 
order is somewhat different, as follows Eadiolaria (197 times), Globigerinidse ( 186 ), 
Pulvinulina ( 168 ), Eotalidm ( 160 ), Coecoliths ( 155 ), Sponge spicules ( 155 ), Echinoderm 
fragments ( 153 ), Lituolidae ( 150 ), Miliolidse ( 142 ), Rhabdoliths ( 126 ), Lagenidse ( 109 ), 
Diatoms ( 99 ), Textularida* ( 97 ), Ostracodes ( 88 ), Astrorhizidse ( 82 ), teeth of fish ( 60 ), 
Pteropods ( 51 ), Nummuliuidae ( 48 ), easts ( 46 ), otoliths of fish ( 43 ), Lamellibranchs ( 41 ), 
Gasteropoda ( 39 ), Polyzoa ( 33 ), Heteropods ( 22 ), arenaceous Foraminifera ( 12 ), Serpula, 
and other worm tubes (11), Coecospheres (10), arenaceous Textularidse (10), Dentalium 
( 7 ), Coral fragments ( 7 ), calcareous Algae ( 6 ), Alcyonarian spicules ( 5 ), Brachiopods ( 5 ), 
Cirripeds ( 4 ), and Cephalopod beaks ( 4 ). 

g. Coral Reefs. 

A description of coral reefs and islands, and a discussion of their peculiar features, do 
not fall within the scope of this work. The subject of coral reefs, and the bearing of 
deep-sea investigations on the question of their origin, has been dealt with by Mr Murray 
in several Memoirs. 1 It may, however, be here pointed out that a recent writer, 2 among 

1 Murray, “ On the Structure and Origin of Coral Reefs and Islands, Proc. Boy, Soc. Edin., vol. x. pp. 505-518, 
1880 ; “ Structure, Origin, and Distribution of Coral Reels and Islands/’ Lecture before Roy. Inst of Gt. Brit., March 
16, 1888 ; “ The Great Ocean Basins/’ Nature , vol. xxxii. p. 613, 1885; also Narr. Chall. Exp., vol. i. pp. 781, 782, 1885 ; 
Murray and Irvine, “ On Coral Reefs and other Carbonate of Lime Formations in Modem Seas,” Proc. Boy, Soc , Edin,, 
voL xvii. pp. 79-109, 1890. 

2 R. Langenbeck, “ Die Theorieen iiber die Enstehung der Koralleninseln und Kprallenriffe, &c.” p. 158, Leipzig, 
1890. 
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other forced arguments, urges, as a direct proof of the correctness of the Darwinian theory 
of coral reefs, that the “ Tusearora ” found hard coral rock in great depths at several places 
in the Pacific (for instance in 2096, 935, and 1390 fathoms). The “Tusearora” samples 
have all passed through our hands. We have examined the samples referred to, and in all 
cases they are Globigerina or Pteropod Oozes, and of course furnish no proof whatever of 
subsidence. Dr W. B. Carpenter fell into the same error with respect to the “ Tusearora ” 
soundings in a paper published in 1875, 1 where he argues that all the submarine eleva- 
tions, an which “ white coral ” (Globigerina Ooze) was reported, must once have been 
coral reefs at the surface, hence furnishing a proof of Darwin’s views as to the formation 
of coral atolls through subsidence. In these cases the terms applied to the specimens of 
the deposits by the marine surveyors have led the writers to adopt an erroneous inter- 
pretation. 

1 Proc. Boy. Geogr. #oc., vol xix. p. 511, 1875* 



CHAPTEK Y. 


MINERAL SUBSTANCES OF TERRESTRIAL AND EXTRA-TERRESTRIAL ORIGIN 

IN DEEP-SEA DEPOSITS. 

The materials of organic origin in deep-sea deposits having been considered in the 
preceding chapter, we shall how turn our attention to the mineral particles, properly so 
called, which form a more or less considerable part of all marine deposits. 

When these mineral particles are regarded from the point of view of their origin, or 
rather of the source from which they have been immediately derived, they may be 
divided into three groups : — 

1. Mineral particles more immediately derived from the mechanical disintegration 

of the solid crust of the earth, and distributed by terrestrial forces over the 
bed of the sea. 

2. Mineral particles derived from extra-terrestrial regions, which play but an 

insignificant part in the mass of marine deposits, but are highly interesting 
from their origin, nature, and distribution. 

3. Min eral particles and substances formed in situ at the bottom of the ocean, as a 

result of chemical interaction with substances in solution in sea-water and 
materials of organic and inorganic origin undergoing decomposition at the sea- 
bottom, which may therefore be called chemical products. 

These last (No. 3) will be dealt with in detail in Chapter VI., the present chapter 
being devoted to a consideration of the first two groups. 

I. Materials derived directly erom the Solid Crust oe the Earth. 

If the materials derived directly from the solid crust of the earth, or from the under- 
lying layers, be looked at from a general point of view, they may be divided into two 
categories, corresponding in a certain way with the two great groups into which we 
have divided marine deposits, viz., Pelagic Deposits and Terrigenous Deposits. The first 
of these categories comprises all those rocks and minerals projected in a fragmentary 
form from subaerial and submarine volcanoes during the present geological period, 
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or during relatively recent periods. The small dimensions and areolar structure of 
these fragmental volcanic materials admit of their being universally distributed over 
the flqor of the ocean, and from the very fact that they are easily distributed by 
meteorological and oceanic agencies, they are especially characteristic of pelagic deposits. 
The second of these categories comprises all the rocks and minerals derived immediately 
from the disintegration of all continental and other lands by ordinary meteorological 
agencies, especially from the disintegration of crystalline, sehisto-crystalline, and clastic 
rocks, which form the larger part of the continental masses. These disintegrated 
materials are carried to the ocean by. rivers and by winds, and are distributed to the 
deep sea by waves, tides, currents, and floating ice, but not so widely as the fragmental 
volcanic materials of the first category; they are essentially characteristic of those 
deposits formed near continental shores and islands, which we have called Terrigenous 
Deposits . 1 

(a.) Recent Volcanic Products. 

It is merely necessary to cast a glance at the synoptical Tables of Chapter II. to be 
convinced of the universal distribution of volcanic products in marine deposits. In 
running the eye down the column indicating the mineral particles,, it will be seen that in 
nearly all the samples of the different types of deposits minerals and rocks occur which 
we recognise, from the study of terrestrial volcanoes, as having been derived from 
eruptions of the present or of relatively recent geological periods. It is not the same, 
however, with those rocks and minerals to which we attribute a continental origin, 
properly so called, for these last are especially abundant near land, and are almost 
wholly absent in the central parts of the great ocean basins. The fragmentary volcanic 
materials, while very often associated with the continental rocks and min er als near 
shore, are especially abundant in, and characteristic of, deposits far from land. It could 
not well be otherwise, if the structure, conditions of formation, and mode of ejection of 
these volcanic materials be borne in mind. Whilst there may be a limit, towards the 
open sea, to which the minerals and fragments derived from the disintegration of the 
continental masses can be transported, there is no such limit for the rocks and minerals 
projected as dust, lapilli, and masses of pumice by terrestrial volcanoes, and though they 
may have a more restricted distribution, the same is the case with ejectamenta of sub- 
marine eruptions. 

In this connection it is but necessary to recall the distribution of active and recent 
volcanoes over the earth’s surface to show how favourably the ocean basins are situated 
for receiving the fragmentary materials projected into the air or the sea during eruptions. 

1 Although -we believe that there are no essential differences between the older and recent eruptive rocks, in the 
sense formerly admitted by petrographers, there is no doubt that each of these two groups, in the generality of the cases 
under consideration, offers some peculiarities on which rests the subdivision adopted in this and other chapters. 
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The Pacific is surrounded by a zone of volcanic activity, and scattered over its surface 
there are many active and recent volcanoes — in fact, two-thirds of the active volcanoes 
of the world are situated in, or at no great distance from the shores of, this ocean. The 
Atlantic, Indian, 'and Southern Oceans also offer numerous centres of volcanic activity, 
either in the oceanic islands or on the coasts of the adjoining continents. In short, 
one may say that all the important volcanic vents of the globe are situated in or near 
to the great oceans or the enclosed seas which penetrate between continental masses 
of land. 

In addition to terrestrial volcanoes, it must be admitted that the bottom of the ocean 
is frequently the seat of volcanic eruptions. Although the conditions of observation are 
much less favourable than in the case of terrestrial volcanoes, still the evidences of sub- 
marine eruptions are very numerous. In many instances the volcanic eruptions in the 
open sea have been accompanied by sulphurous emanations, by steam, columns of water, 
flames, ashes, scoriae, and pumice, and the formation and disappearance of islands. 
Santorin and Graham Island in the Mediterranean, some islands in the neighbourhood of 
the Azores, and in recent years Falcon Island in the South Pacific , 1 are but a few of the 
instances that might be cited of submarine eruptions. Earthquake waves have, in a great 
number of instances, been placed in direct relation with submarine eruptions . 2 The recent 
extensive soundings throughout the great ocean basins have revealed the presence of conical 
mountains, rising to various heights above the general level of the sea-bed, but not reaching 
the surface of the waters. These conical mountains must, from their resemblance in form 
to volcanic islands, and from the volcanic materials that have been dredged in their neigh- 
bourhood, be regarded as the results of submarine eruptions in deep water. We know 
that masses of lava have flowed for weeks from volcanic islands into the ocean, but at the 
present time there is little knowledge of the spaces covered by lava-flows on the sea-bed 
itself. However, the study of ancient geological formations has familiarised us with the 
idea of such lava-beds or tufas intercalated between marine sedimentary layers, and 
there can be no doubt that the same order of phenomena occurs in our present seas. 

It would appear, then, that the fragmentary volcanic materials which we find carpet- 
ing the floor of the ocean have been derived from both subaerial and submarine eruptions, 
and that, both from actual observations and theoretical considerations, the oceans of the 
present and recent geological periods are especially well situated for receiving the pro- 
ducts of these eruptions. It is difficult, however, to distinguish the products of subaerial 
from the products of submarine eruptions. In certain cases the dimensions and numbers 
of vitreous lapilli, dredged from great depths far from land, indicate that these fragments 
came from centres of submarine eruption not far removed from the points where they 
were dredged. In the case, however, of large fragments of pumice or of tufa made up 

1 See Natwe, vol. xli. p. 276, 1890. 

2 E. Rudolph “ tiher submarine Erdbeben und Eruptioaen” Beitrage mr G-eophysik , 1887, pp. 226 et seq. 
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of a fall of volcanic ashes, likewise obtained, in the dredges, it is often impossible to say 
whether they came from a submarine or a subaerial eruption. 

Pumice . — On account of its abundance and the wide area of its distribution, pumice 
merits the first consideration among the volcanic materials of marine deposits. This 
rock is merely a vesicular variety of a number of lithological species, and the wide distri- 
bution of this variety is dependent on its spongy structure. Mr Murray was the first to 
point out the important role played by pumice in the formation of pelagic deposits and 
in the origin of the soil of coral atolls, 1 and the same considerations, with further develop- 
ments, were afterwards dwelt upon in a joint paper by ourselves. 2 

During the Challenger Expedition fragments of pumice were frequently taken in the 
tow-nets while floating on the surface of the sea, and were often found to be covered with 
Cimpeds and other marine animals. Long lines of pumice fragments were also ob- 
served on coral reefs just above high-water mark. From New Zealand, South Am erica, 
Japan, and other countries, immense quantities of pumice are carried to the ocean by 
rivers. The Expedition, however, did not meet with any of those prodigious fields of 
floating pumice which have many times been recorded by voyagers as being so vast as to 
impede the progress of their ships, — for instance, after the famous eruption of Krakatoa 
in 1883/ and in the South Pacific in June and July 1878 by Captain Turpey, and by 
Captain Harrington in March 1879. 4 The pumice sent to us by Captain Turpey was dark- 
green in colour, and was believed to have been derived from a submarine eruption. The 
fragments of pumice, which float on the surface in great fields, or in long parallel lines, 
are carried enormous distances by oceanic currents, and, being rubbed and knocked 
against each other by the action of the waves, they ultimately assume a rounded appear- 
ance, as if they had been rolled like river pebbles. While this rubbing, knocking against 
each other, and rounding goes on, a very large number of the triturated fragments that 
are broken away from the outer surfaces fall as minute splinters to the bottom of the sea, 
contributing largely to the formation of pelagic deposits. The larger and smaller 
fragments of pumice slowly become waterlogged and sink to the bottom. Mr Murray 

1 Murray, Proc. Roy. Soc. Edin., vol. ix. p. 247. 

Murray and Renard, Proc. Roy. Soc. Edin., vol. xii. p. 495. See also Helge Backstrom, “ Ueber angeschwemmte 
Bimsteine und Schlacken der nordeuropiiischen Kirsten,” Bihang till. K. Svenska Vet. Ah Handl., Bd. xvL Afd. 11, No. 5. 

8 Tlie Bay of Lampoong, in the Strait of Sunda, was blocked by a vast accumulation of pumice projected in a few 
houre by the eruption of Krakatoa. This floating barrier of pumice had a length of 30 kilometres, a breadth of 
1 kilometre, and a depth of 3 to 4 metres; it was raised about 1 metre above, and plunged 2 metres below, the 
surface of the water. These numbers indicate that at this point 150,000,000 cubic metres of volcanic matters were thus 
accumulated. This elastic and moving wall undulated with the flux and reflux of the waves, and the iragmenta 0 f 
which it was formed were carried by currents to thousands of miles from the eruption, and scattered finally over the 
simface, and, as we now know, also over the bottom, of the ocean ( Comptes Rmdus, tom. xc. p. 1101, 1883). See also 
Charles Meldrum, Brit. Ass. Report for 1885, pp. 773-779, 1886; S. M. Rendall, Nature, vol. xxx. p. 288, 1884. 

Captain Turpey says that in some parts of the sea these pumice stones were in such large numbers that the small 
oats which the ship drew after it rose out of the water and were drawn along as if on a bed of rocks. Captain 
arrmgton says that many oi the patches assumed the appearance of islands, and were large enough to retard the pro- 
gress of the vessel considerably, their appearance being alarming. 
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made a series of experiments with pumice stones dredged from the North Pacific sea-bed 
at a depth of 2900 fathoms. After these fragments, which were about the size of a hen’s 
egg, had been out of the sea for seven years, they were placed in vessels of sea-water 
and floated lightly. They slowly sank in the water, some reaching the bottom of 
the vessel in three months, and others taking nine months. Similar experiments were 
made with the basic variety of pumice collected by Captain Turpey on the surface of the 
South Pacific, and it took one year and eight months before some of the fragments sank 
to the bottom of the vessels. 

The great majority of the pumice fragments dredged by the Challenger from the sea- 
bed were more or less rounded, and varied from the size of a man’s head or a cricket-ball 
down to the size of a pea or mustard-seed ; many fragments, however, were angular. It 
is probable that nearly all these fragments of pumice floated a short time after their 
ejection at the surface of the sea, and then sank to the bottom. From their great 
abundance near volcanic centres, it is probable that some fragments float only for a very 
short time. The general appearance of some of the larger fragments of pumice from 
deep-sea deposits is represented on Plate T. In all the specimens the surface layers have 
undergone more or less alteration into a soft, brown-coloured, clayey substance ; but in 
the case of the specimens represented in figs. 5 and 6 the structure of the pumice is 
almost completely lost except in the very centre, while the outer layers are composed 
of black depositions of the peroxides of iron and manganese — in short, these fragments 
have been transformed into manganese nodules with pumice nuclei. 

There were great numbers of pumice stones in the dredgings around the Azores in 
the Atlantic, off the Kermadecs in the Pacific, around some of the Philippine Islands, 
and off the coast of Japan, and in general close to all recent volcanoes. In the North 
Pacific, hundreds of miles from land, at depths of 2300, 2900, and 2050 fathoms, the 
trawl and dredge brought up hundreds of these more or less rounded pumice stones. In 
general they were rather abundant in the Eed Clays and Kadiolarian Oozes, but less so 
in the Blue Muds and calcareous oozes, except where these were close to active volcanoes. 
It may be said, however, that in no ease was a large quantity of any pelagic deposit 
passed through sieves without a number of pumice fragments, of small or large size, being 
detected, and minute particles can generally be observed when a relatively small sample 
of the deposit is under examination. 

The most numerous specimens, collected floating at the surface or lying on the bottom 
of the sea, belong to the well-known variety of liparitic pumice: They are whitish or 
greyish, generally with elongated fibres ; when little altered they present a silky aspect, 
but in many instances decomposition has transformed them, even to the very centre, 
into a friable earthy mass, whieh can be reduced by the finger nail, when the pumice is 
wet, to amorphous earthy matter with a muddy consistence. When fragments of this 
variety are examined under the microscope, they are seen to be composed of a colourless 
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glass, with nunderous closed, often elongated, vesicles, and with a few individualised 
mineralogical elements. This variety is rich in silica, and hence is referred to the litho- 
logical types of liparite or trachyte. The minerals which are embedded in the vitreous 
mass, or project from the weathered surfaces, are sanidine, plagioclases, black mica, 
augite, and magnetite, and with the microscope many microliths belonging to the same 
species can be observed. Quartz is very rare ; sometimes rhombic pyroxene is present. 

A second variety, but less abundant than the liparitic variety, is that known as 
andesitic 'pumice . In external characters andesitic pumice stones nearly approach the 
liparitic ones, and might at first sight be confounded with them ; they have the same 
grey colour, are sometimes fibrous, and decompose in the same way. They are especially 
distinguished by the minerals which they contain, the most important being augite, 
plagioclases, and magnetite, while microliths of augite and hornblende are sometimes 
seen in the transparent base. Olivine is absent, and the silica in this andesitic pumice 
is estimated at 60 per cent. A specimen of this variety, from 2300 fathoms in the North 
Pacific, was analysed, with the following results : — 


Station. 

Depth, in 
Fathoms. 

No. 

Loss on 
Ignition. 

SiO a 

A1 2 0 3 

Fe 2 0 s 

Mn0 2 

CaO 

MgO 

k 2 0 

Na 2 0 

Total. 

241 

2300 

80 

4-95 

60-95 

15-97 

9-08 

g.tr. 

2-92 

1*40 

1-61 

2*34 

99-22 


The surface of the fragment analysed was extremely friable — almost earthy. Beneath 
this decomposed layer the centre was still formed of a whitish mass, having the appear- 
ance of a fresh rock, but, as shown by the analysis, especially by the percentage of 
water, which rises to nearly 5, this central portion had also undergone a profound 
alteration. 

A third variety of pumice met with in deposits is basaltic or basic pumice. In a 
large measure we owe our knowledge of the nature of this variety of pumice to the 
investigations of Cohen 1 on the lavas of the Hawaian Islands and of Niafou in the 
Friendly Islands, as well as on some floating pumice collected between New Britain and 
New Ireland. He has pointed out that volcanic products from several areas of the 
Pacific far removed from each other have a true basic character, and belong to the 
basaltic glasses. The pumice stones collected from numerous stations in the Pacific 
during the voyage of the Challenger have exactly the same characters as those described 
by Cohen. These are vitreous vesicular rocks of a rather deep colour, yellowish or 
approaching to bottle-green. The pores affect in general a more rounded or spherical 
form than those of the preceding varieties of pumice. The vitreous partitions between 
the vesicles are not very thick, and when the specimens are but little altered they show 

1 E. Cohen, “TTeber Laven yon Hawaii und einigen anderen Inseln des grossen Ocean, etc.,” Neues Jahrbuch fur 
Mineraloaie, etc., Jahrg. 1888, Bd. ii. p. 23. 
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iridescent colours on tlie fractures. Under the microscope there can be seen in the 
dark-green transparent glass the skeletons or sharply-terminated individuals of olivine, 
augite, and plagioclase ; there is little or no magnetite, but sometimes black or opaque 
concretions. The percentage of silica is on an average about 50, therefore much less 
than in the acid varieties. The following is an analysis of one of these deep-coloured 
specimens from a dredging in 1400 fathoms in the South Pacific. After having washed 
the fragment with oxalic acid, to take away traees of manganese which covered the 
specimen, and then repeatedly with boiling distilled water, to extract the sea-salts and 
to detach the mud adhering to it, the following results were obtained : — 


Station. 

Depth in 
Fathoms. 

No. 

h 2 0 

Si0 2 

Ti0 2 

A1 2 0 8 

Fe^Og 

FeO 

Mn0 2 

CaO 

MgO 

k 2 0 

Na 2 0 

Total. 

184 

1400 

79 

1*70 

50-56 

0-80 

10*30 

4-95 

7*59 

0-14 

9*35 

9*27 

1*24 

2-81 

98-71 


On comparing the above results with those obtained by Cohen they present a perfect 
analogy, within the limits that may be expected for analyses of rocks of the same family, 
so that this specimen represents the basaltic lavas of Hawaii in its mineralogical composi- 
tion, and the same may be said of all the dark-coloured specimens that have been dredged 
from the sea-bottom in the Pacific, and to a less extent in other oceans. 

Minute fragments of the different varieties of pumice noted above can be detected in 
all marine deposits, and in some areas the greater part of a Bed Clay, or of the residue of a 
calcareous ooze after removal of the carbonate of lime by dilute acid, may be made up of 
minute fragments and splinters of pumice. These microscopic fragments may be derived 
from the trituration of floating pumice, or from its disintegration on the sea-bottom, 
or, again, they may have been ejected as showers of ashes from subaerial or submarine 
eruptions, and have been widely distributed by aerial or marine currents. 

In general, when mineral particles are reduced to infinitesimal dimensions, and are 
irregularly fractured, they lose their distinctive characters ; the crystallographic form 
and the optic properties are no longer recognisable, but with vitreous pumice fragments 
the recognition of the particles is still possible when they are even less than 0‘005 mm. 
in diameter. The most reliable diagnostic character of these pumice particles is to be 
found in their peculiar structure. The enormous numbers of vesicles in the pumice, 
due to the expansion of the dissolved gases in the original magma, present a special 
structure and characteristic fracture which can be recognised even in the minutest 
fragments. This property can easily be tested by pulverising a piece of pumice in an 
agate mortar, when it will be noticed on examination under the microscope that the 
minutest particles bear the impress of this vesicular or filamentous structure. The 
appearance arising from several pores being drawn out so as to be mere streaks, renders 

(deep-sea deposits chall. exp. — 1891.' 38 
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the fragment at first sight like a striated felspar, or even like the remains of certain 
microscopic organisms. In following under the microscope the contours of these vitreous 
splinters, it will be observed that they are generally terminated by curved lines, and 
present a riddled appearance, all the sinuosities being curvilinear. 1 They also present in 
most cases near the vesicles the optical phenomena of tension, analogous to those observed 
in “ Rupert’s drops.” From the differences in the form of the vesicles, and the nature 
of the fracture, it is even possible in some cases to determine the variety of pumice from 
which the minute splinters have been derived. 


It must be pointed out that the trituration of floating pumice, and the decomposition 
of pumiee at the bottom, both tend to bring about a more or less complete isolation of 
the individual minerals which formed an integral part of the pumice rock at the time of 
its eruption ; these volcanie minerals are thus spread over the bed of the sea in the same 
way as the vitreous splinters of the pumiee. It may therefore be very difficult to recognise 
a difference between volcanic dusts projected as ashes from a crater, and the pulverulent 
debris derived from the wear and tear of floating pumice at the surface of the ocean and its 
disintegration m the deposits. In the ease of showers of ashes some mechanical processes 
may, however, produce a sorting of the mineral particles from the areolar vitreous particles 
as for mstanee when these are transported by winds or marine currents. On account of 
their lightness, the vitreous particles are carried to greater distances than the fragments 
of crystallised minerals coming from the same eruptions. It follows from this, that at 
any given point the pumiceous particles may quite well predominate in a marked manner 

to mask 6 Wh ^ 6X] ? lairi ^ ^ dep ° SitS the Titre0US P articles a PP^r 

mask, by their number, the volcanic minerals with which they are associated. ? 

As examples of the aspect and of the characters which these minute particles of 
pumiee affect m the segments, we have represented on PL XXVI. fig. 4 the residue 
Omnerd particles) o a Blue Mud from the South Pacific, Station 303, 1325 fathoms 

;^r Wh0l t fi ; ld ; f occupied by pumice particles. Zo v 

can be distinguished : first, basaltic (designated in onr Tables brown vesicular ) Z 

the extremely fine mineral particles in a m * , > T * L % 3 shows 
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Basic Volcanic Glass . — la many regions of the deep sea the Challenger Expedition 
collected numerous lapilli and pebble-like fragments of compact volcanic glass, which, 
although more or less limited and localised in their distribution, appear to be the most 
important volcanic products in deep-sea deposits after the pumice fragments above de- 
scribed. While these glasses are known only from a few geological formations, and from 
a few eruptions of recent volcanoes at the surface of the continents, they, on the other 
hand, appear in abundance and in most typical form among the products of submarine 
eruptions, as if the deep oceans had been in some way specially favourable to the develop- 
ment of this lithological type. We devote, in consequence, a considerable space to the 
description and illustration of these glassy particles and the products of their alteration. 
All the chief varieties found at the different stations are included in these descriptions, 
and in their structure they pass, ou the one hand, into basic pumice, and on the other 
into basaltic fragments with a vitreous base. 

The most characteristic of these lapilli of basic volcanic glass collected by the various 
trawlings and dredgings vary from the size of a walnut to that of a pea, and minuter 
fragments descend to the mean dimensions of the mineral particles found in the clays 
and oozes, when their nature becomes masked from their small size; it is only by 
following the transitions from the larger particles, upon which the characters are sharply 
impressed, to the smaller, that it is possible to recognise the minute splinters disseminated 
in the deposits. In nearly all cases, whatever their size, these fragments have under- 
gone a more or less profound alteration, their primitive vitreous matter being trans- 
formed by hydroehemieal agencies into a secondary product, which is designated pala- 
gonite in all our descriptions. Frequently these fragments form the centres of manganese 
nodules, and generally they are more or less incrusted by manganese depositions ; some- 
times they are isolated in the deposits, or associated with other lapilli, volcanic ashes, 
and free zeolitic crystals. They are most abundant in certain red clay areas of the 
Pacific, but may be found in all the types of deep-sea deposits. The form of the fragments 
is generally rounded, elliptical, or flattened, but they are sometimes quite irregular. The 
larger fragments have, as a rule, a vitreous centre, with external highly-altered zones ; 
the smaller fragments are frequently entirely transformed into palagonite. 

When one of the larger fragments is taken from the centre of a manganese nodule, 
or found in a free state, the external surface is always covered by a resinoid yellowish 
green or reddish brown coating. When the fragment is broken, the interior is seen 
to be a true unaltered glass. This vitreous material is compact or scoriaceous, and 
resembles in some respects acid volcanic glasses, like obsidian, but the fracture is less 
conchoidal. The rock breaks into little splinters, due to a latent perlitic structure and 
to microscopic fissures, and a shock often produces a pulverisation of the mass. The 
fragments are dark green or brown, with a pronounced vitreous aspect and resinoid lustre, 
and they melt easily before the blow-pipe into a dark glass. Their density ranges' 
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between 2'8 and 2‘9 ; the greyish green powder is very magnetic, and always gives 
the reaction of manganese. There is a marked contrast in the hardness between the 
vitreous centre, which has a hardness of about 5, and the altered palagonitic envelope, 
which when dried may have a hardness of about 4 ; but when freshly taken from the 
sea this resinoid secondary substance can be cut with a knife like new cheese. The 
powder of the vitreous glass is attackable by acids, with separation of gelatinous silica, 
leaving a residue formed principally of minerals which had been enclosed in the vitreous 
mass. These minerals, however, are rarely visible to the naked eye, and consist of 
. minute yellowish grains of olivine, augite, and some small lamellae of plagioclase. 

When seen by the naked eye, the central vitreous mass is almost always bordered 
or penetrated by the yellowish brown, resinoid, slightly transparent, palagonite. This 
secondary substance has not such a brilliant aspect as the glassy interior, sometimes even 
presenting an earthy aspect ; it forms zones around the vitreous nucleus, and each zone 
is distinguished by a different colour, marking the progressive transformations of 
the basic glass. The unaltered centre is usually more or less irregular, but presents 
a form in relation with that of the whole fragment. It is evident that the decomposi- 
tion has taken place from the periphery towards the centre, and that each stage is 
marked by the different coloured zones, which may be black-brown, red, red-brown, pale 
yellow or green, yellowish white, or almost colourless, the uncoloured portions having a 
soapy aspect. The external zones are in general paler and more delicate than those 
towards the interior ; they are so thin in some cases that they can only be recognised 
under the microscope. The specimens collected at Station 302, 1450 fathoms, in 
the South Pacific, present this zonary character due to the decomposition of the basic 
glass in the greatest perfection, so that they resemble the finely-zoned structure of some 
agates. In vesicular specimens the progress of this decomposition is not so well shown 
as in the compact specimens ; generally they are entirely transformed into palagonite, 
and no trace of the original glass has been left. 

It has been already stated that these fragments frequently form the nuclei of 
manganese nodules, and it is interesting to observe that they are very rarely found 
without a more or less thick coating of manganese, whilst lapilli of felspathic basalt, of 
augitic or homblendie andesite, or fragments of ancient rocks like gneiss and granites, 
are often found in the same deposits without any, or but a very slight, coating of 
manganese. This might be interpreted by supposing that these basic fragments had 
lain for a much longer time upon the bottom of the sea than the other fragments, and 
that the manganese had thus had time to deposit round them in much thicker layers, or it 
may be held that they are more rapidly altered, and yield in the process the concretionary 
manganese which covers them. It may even be, we think, that traces of these highly 
alterable basic glasses have been preserved in consequence of the manganese coatings 
having held together in position the fragments which, were they free, would crumble and 
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be transformed into argillaceous matter. Some manganese nodules have their nuclei 
almost entirely composed of little angular fragments of basic glass, most of which are 
entirely transformed into palagonite. It is barely necessary to observe that this trans- 
formation would take place much more rapidly and more completely the smaller the 
vitreous splinters, so that it is only in those stations where the specimens are large that 
the traces of the unaltered glass are preserved in consequence of their forming the nuclei 
of the manganese nodules ; the minute splinters distributed throughout the deposit, being 
entirely converted into palagonite, can only be recognised by the aid of the microscope, 
after having followed the transitions which these specimens of different sizes undergo 
in the process of decomposition. These basic vitreous fragments, and the palagonitic 
particles resulting from their decomposition, are so frequently associated with numerous 
nodules of peroxide of manganese in deep-sea deposits, as to at once suggest a relation of 
cause and effect, which is confirmed by the analyses showing the presence of manganese 
in the unaltered vitreous fragments. 

When these fragments of basic glass are examined in thin sections under the 
microscope, the vitreous part is seen to be perfectly transparent, with more or less deep 
colours ranging from grey-brown to brown and yellowish brown ; it is perfectly isotropic 
and with a homogeneous structure, but is occasionally traversed by more or less irregular 
lines of fracture, which indicate vaguely a perlitic structure. These fractures can be 
seen in PI. XVII. fig. 3, and the general aspect of the sections is shown in PI. XVI. 
figs. 1-4. 

The minerals observed in the vitreous base are olivine and plagioclase, often separate, 
rarely associated ; augite is relatively rare, and so also is magnetic iron. In addition to 
the species distinctly recognisable, there are frequently very large numbers of crystal- 
lites, whose accumulation in certain sections of the rock masks or renders opaque the 
vitreous matter enclosing them. The mineral most frequently met with in these sections 
is olivine, which is observed in the form of very minute, very regular, and generally 
almost colourless, crystals. Often their proportions are so very small that, in spite of 
the thinness of the preparations, they are still entirely encased in the vitreous matter. 
The faces of these crystals are generally coP, 2Pco,coPoo,ooPoo. Frequently they have 
exactly the same form as fayalite. In a certain number of cases they occur as skeletons of 
crystals. It is possible to follow in thin slides all the transitions between these embryonic 
forms and the sharply-terminated crystals, the latter almost always containing a rather 
large number of inclusions of a brownish glass, similar to the surrounding base. 
Sometimes these inclusions are so large that the crystal forms around it merely a 
simple border. On PI. XVI. the various peculiarities presented by olivine in these 
basic glasses are represented in detail. 

After olivine, the mineral most frequently occurring is plagioclase-felspar ; it is some- 
times found in the form of lamellae, similar to those observed in eruptive rocks of the 
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basaltic series (see PI. XVII. fig. 3), but the most characteristic forms, and probably also 
the most frequent, are extremely thin rhombic tables. As by the disintegration of the 
palagonite these little crystals of plagioclase are sometimes detached from the matrix 
and found in a free state in the clay, we have been .able to study them in an isolated 
condition, and to determine with exactitude their form and nature. ‘ It may be 
mentioned in passing that these rhombic tables of felspar play*an important role among 
the minerals present in the deposits of those regions where the basic glasses are 
abundant. When these tables embedded in the vitreous fragments are examined by 
means of transparent slides, they are seen to be so thin that the vitreous material 
still covers them on all sides, and at first sight one might regard their contours as traces 
of regular fractures of the mass in which they are enclosed ; this aspect is represented 
in PI. XVII. fig. 2, where near the base of the figure two of these little crystals can be 
seen in a mass of red altered glass, their contours being almost entirely hidden by the 
enclosing matrix. In other preparations they are better developed, and on account of 
their thickness can be readily recognised, as, for instance, in the vitreous altered 
fragment represented in PI. XIX. fig. 1. The lapilli here represented is remarkable for 
the abundance of these rhombic lamellae, the fundamental vitreous mass being decomposed 
into palagonite ; in certain points the manganese has infiltrated and masked the palagonitic 
matter by its deep brown tint. On this background the unaltered sections stand out in 
relief, with the exception of some parts of their surface still covered by a thin vitreous 
layer or coloured by manganese. 

These plagioclase crystals show a colourless transparent mass, in which the following 
forms may be observed : — The most frequent forms are flat tabular crystals, with the 
clinopinakoid especially developed. Individuals of the columnar type, elongated in the 
direction of the edge P/M, are rare. These tabular crystals consist essentially of a 
combination of the clinopinakoid with P and x, more rarely with P, u, and y, and 
occasionally x and y appear together. In the first case the crystals have the form of a 
rhomb, in the second case they are elongated through the predominance of either x or P. 
The dimensions of those crystals which were examined and measured lie between 0'6 l 
mm. broad and 1 mm. long as maximum, and 0'015 mm. broad and 0’042 mm. long as 
minimum. The extinction of the plagioclase is negative. Its value was found to vary 
between 22° and 32° on the clinopinakoid, and between 8° and 16° on the basal plane. 
The average values of many measurements made on good crystals are as follows : — 
24° 12', 25° 6', and 29° 6' on the clinopinakoid ; 10° 42' on the one side, and 10° 18' on 
the other side, of the twinning line, as this is shown on the basal plane. Polysynthetic 
individuals, made up of repeated twins on the albite plan, were very rarely observed. 
The felspar, in its optical properties, is thus seen to be between labradorite and bytownite. 
The twin growths .are particularly frequent, and interesting on account of the structure 
of the individuals. In addition to those of the albite type, others were observed in 
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which the edges P/M and. P Jk could be definitely determined as the axes of twinning. 
The plane of composition was principally either P or M when penetration twins were not 
observed. 

Crystallites are very often observed in these vitreous lapilli although no crystal has 
as yet been developed, and these elementary crystalline forms occur under various 
aspects. In certain cases they are merely parallel streaks, traversed by others at right 
angles, thus forming groups whose dimensions do not exceed 0'05 mm. At other times 
these fibres are simply parallel, and not crossed by others. In other cases they diverge 
at the two extremities of the group; the arborescent disposition found among the 
microliths of certain pechsteins has, however, never been observed. Finally, they may 
be disposed as little fans, or irregularly interlaced and forming balls ; sometimes the 
vitreous matter has undergone the initial stage of globulitic devitrification. When these 
crystallites are examined with a very high magnifying power, they are observed 
to be transparent, with a brownish tint. Around crystals of olivine they generally 
assume a regular disposition, the crystallites being arranged parallelly and perpendicularly 
to the crystallographic axis of the mineral. This layer of crystallites is sometimes 
composed of five or six rows ; at other times there are but one or two (see PL XVI. 
fig. 2). In certain of the preparations of these vitreous lapilli the products of crys- 
tallitic devitrification are so crowded together that they render the base almost entirely 
opaque. Around these groups of crystallites the brown glass is observed to be sensibly 
decolorised, as is often the case when the pigmentary matter of the base is concen- 
trated in crystals or microliths. 

Black opaque spots without metallic reflection are often present, being more or less 
mammillated and elongated (see PI. XYI. fig. 1). When these spots are along lines 
of fissure they are almost certainly more or less dendritic infiltrations of manganese 
(see PI. XVIL figs. 1-3), but when embedded in the unaltered vitreous material they 
must be regarded as segregations of the fundamental mass, and, under very high powers, 
they can often be resolved into groups of crystallites, closely’ packed the one against the 
other. This is proved by the examination of the periphery of these black spots, for when 
the crystallites which constitute the groups can be observed upon the borders, they appear 
to be individualised. It has just been remarked that manganese is infiltrated into the 
fissures of these basic glasses ; the dissemination of this substance is so great, indeed, 
that it is sure to be found in all the preparations of rocks dredged from points 
where these vitreous fragments occur in abundance. It is possible, without the 
aid of chemical reaction, to recognise the manganese by its microscopic characters. 
The colour of the altered vitreous parts is red or brownish yellow, and they present the 
zones of decomposition, together with embedded crystals. The .parts invaded by the 
manganese are brownish, and the transparency is then almost lost, or they may become 
in places quite opaque. The infiltrations of manganese do not affect polarised fight. 
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In the sections of these "basic glasses that have been examined, angite among the 
basaltic elements plays the least important role. If this mineral be present its form is 
not sharply defined; its sections are greenish, sometimes violet coloured. Its cleavages 
are not distinct, and the crystals are small, containing inclusions of the vitreous mass. 
Magnetite is generally absent. 

The various min erals enumerated above are not found together in all the preparations, 
but it cannot be denied that we find in them the whole series of transitions from these 
b asic glasses to felspathie magma basalts. However, in these vitreous fragments the 
substance which serves as a base is incomparably better developed than in those basalts, 
and the crystals disseminated in the glass are very small in comparison with those 
observed in typical basaltic rocks ; besides, the crystallites are as numerous in the basic 
glasses as in the basaltic rocks. It might be said that when the basic vitreous rock is 
porous, the crystalline elements are better developed, and that the transition to the 
basalts or limburgites takes place rather through the types of areolar basic glass than 
through the types of compact structure. 

The progress of the decomposition of the basic glasses into paiagonite can be distinctly 
followed in thin sections under the microscope. The unaltered part, as already stated, is 
in transmitted light characterised by a great homogeneity of structure ; no trace of 
perlitic scaling ean be observed ; the colour is clear, brownish or greyish in different 
specimens. The paiagonite, on the contrary, is but little homogeneous ; the . zonary 
and perlitic structures are sharply accentuated; the colour is a beautiful red, sometimes 
remarkably brilliant, and may pass into reddish yellow, yellow, dirty brown, green, 
and finally to a milky white, in which last case transparency gives place to semi- 
opacity. This resinoid substance is still further distinguished from the unaltered 
vitreous matter by optical properties : while the latter is always isotropic, the 
former presents between crossed nicols the phenomena of chromatic polarisation ; the 
paiagonite is coloured brilliant yellow mixed with red ; the tints have a wavy disposi- 
tion, and the layers are seen to be formed by an aggregate of crystalline fibres dis- 
posed more or less perpendicularly to the surface of the lapilli in process of decomposi- 
tion. This fibrous arrangement is also evident by the well-marked traces of the black 
cross of spherulitic aggregates observed in the palagonitic zones. This secondary substance 
is seen to line or to infiltrate all the fissures of the vitreous fragment, more or less pro- 
foundly according to the degree of alteration ; it surrounds all the external borders, and 
is generally zonary, but the zones are capricious, sometimes imitating those of concre- 
tionary minerals, like the zinc blends or certain agates. One of the best examples in this 
respect is the specimen figured on PI. XIX. fig. 3, as seen by reflected light. The 
fragment is enveloped in black-brown opaque manganese, seen on the right, left, and 
bottom of the figure. Directly in the centre is a fragment of black-grey, homogeneous, 
unaltered basic glass ; around this nucleus are found the various zones of decomposition, 
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taking the form of the elongated internal nucleus. The internal zones are brownish, 
marked by deeper coloured lines of separation, due to infiltration of manganese ; then the 
palagonite affects a whiter tint, followed by other well-marked zones of a greenish colour. 
Finally the external zones become more vague, take on a soapy aspect, and become 
charged with matters containing manganese, but through this brownish mass the ill- 
defined external limits of the original vitreous fragment can be traced. These various 
zones are especially well seen under the microscope, but, as we have already pointed out, 
they can be observed on a macroscopic exa mina tion. 

When these vitreous fragments in process of decomposition are studied in transmitted 
light, the stages of the alteration are still more evident. The altered substances are 
not only seen to penetrate and to modify the vitreous mass, but the decomposition only 
attacks the easily alterable glass, and does not generally affect the embedded crystals. 
This is well shown in PI. XVI. figs. 3 and 4, where the palagonite is seen with its 
characteristic tint to advance into the glass while leaving the crystals of olivine intact 
and in place. PI. XVII. fig. 3 gives a similar example, but here little lamellae of 
plagioclase remain as witnesses of the primitive nature of the substance in which they 
are enveloped. This figure, which represents the nucleus of a manganese nodule, from 
Station 302, 1450 fathoms, South Pacific, shows the zonary aspect of the brown pala- 
gonite formed at the expense of a brownish homogeneous volcanic glass, shown in 
the lower two-thirds of the figure, this glass being especially rich in small crystals of 
plagioclase. In the interior it has not undergone alteration, but the fractures are seen 
to be infiltrated with manganese. In the palagonitic zones the same felspathic lamellae 
are observed as in the vitreous portion ; at the lower part of the figure a crystal of 
plagioclase is seen, one-half of which is in the altered and the other half in the 
unaltered portion of‘ the rock. In this figure the striking contrast between the 
glass without structure and the concretionary texture of the decomposed portion is well 
represented. 

In certain cases the alteration has reached a much more advanced stage, as repre- 
sented, for instance, in PI. XVII. fig. 1. The vitreous matter, which formerly occupied 
the whole of the space, has been so far decomposed that there now remain only two 
isolated vitreous fragments, characterised by their greyish tint ; all the other portions 
of the specimen have been transformed into yellowish palagonite. In the same figure 
manganese is seen to be infiltrated into the fractures, and presents, especially at the upper 
part of the figure, a dendritic arrangement. It also often happens that the secondary 
substance has penetrated to the very centre of the vitreous fragment, as represented in 
PI. XVII. figs. 2 and 4 ; in these cases nothing remains of the basic glass, and it is 
observed that theperlitic structure is sometimes developed in a remarkable manner. No 
better example of this could be produced than that shown in PI. XVII. fig. 4, where each 
of the sinuous and more or less curvilinear fissures preserves its parallelism ; the fissures 
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axe marked by infiltrations of manganese "bringing out very characteristic undulations, 
which may be aptly compared to a transverse section of mahogany. 

"When the vitreous matter is areolar, it is evident that the alteration of the glass into 
palagonite must progress more rapidly than in the case of a more compact glass, and, as 
might therefore be expected, the primitive vitreous material has almost completely disap- 
peared, and the fractures due to the perlitic structure are so pronounced that the entire 
fragment must have fallen to pieces were it not held together by the enveloping man- 
ganese, PL XYIII, fig. 4 shows the decomposition that takes place in some specimens 
of these basic glasses, and the same thing is well represented on the left hand side of 
figure 3 on the same plate. In these preparations, which must be made rather thick to 
prevent the nucleus falling to pieces, the palagonite is divided into little fragments 
following the sinuous lines of fracture. ¥e often find in the sediments numerous 
splinters of palagonite with rounded or curved surfaces, along with zeolitic globules 
formed of the circular microscopic geodes, which probably once filled the circular pores of 
an original areolar fragment of rock, as shown in PI. XYIII. fig. 4 ; PL XYII. fig. 2 also 
offers an excellent example of the same palagonitisation of the mass. PI. XVIII. fig. 1 
represents a still further advanced state of alteration ; in this, throughout the funda- 
mental mass of manganese, triangular, elongated, or irregular splinters of altered 
glass are observed. The sections of these are yellowish, often zonary near the borders ; 
to a primary zone another succeeds of a deeper tint produced by the interposition 
of a black manganese pigment ; then, near the centre, the colour becomes lighter, and 
often there exists an internal concretionary zone surrounding an empty space. In 
polarised light these sections of volcanic glass still show traces of a black cross and of 
chromatic polarisation ; they are almost entirely transformed into zeolitic matter. "Where 
the centre has disappeared, it is possible that in polishing the thin sections the hard 
centre was eliminated from the softer surrounding mass, but we are not disposed to 
admit this supposition as probable from our examination of specimens in reflected light 
previous to preparation. The view is ratter held that the decomposition has advanced 
so far that the centre was reduced to an almost earthy mass, and has thus been elimi- 
nated, the border composed principally of zeolitic matter alone remaining. 

In a subsequent chapter we shall return to the role played by zeolitic substances in 
these basic glasses, but it may be pointed out here that in the pores of the less compact frag- 
ments the colourless zeolites with radiate fibres give the black cross of spherulitie aggregates. 
These zeolites are arranged in the interior of the vacuoles upon a layer of . carbonate of 
iron, and it is sometimes possible to observe crystals like phillipsite, brevicite, or even 
ehabasite, but in the great number of cases these zeolitic aggregates are finely zonary, 
or at the same time zonary and fibro-radiate, as may be observed in PL XYIII. fig. 4 . 
The part of the pores not filled with zeolites is generally invaded by manganese and the 
mud of the . deposit, filled with microscopic concretions of peroxide of manganese. 
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After the above description of basic glasses and of palagonite, it is important to show 
that our determinations are supported in all points by the results of chemical analysis. 
We give first the analyses of three compact, black, vitreous fragments from Stations 276, 
285, and 302, all in the South Pacific. The fragments analysed presented all the 
characters above indicated for fragments of compact basic glass, in which by means of the 
lens small crystals of olivine alone could be distinguished. 


Station. 

Depth in 
Fathoms*. 

No. 

Si0 2 

A1 2 O s 

Fe 2 0 8 

FeO 

MaO 

CaO 

MgO 

k 2 o 

Na a O 

f 2 o 6 

Total. 

276 

2350 

93 

46-76 

17-71 

1-73 

10-92 

0-44 

11-56 

10-37 

0-17 

1-83 


101-49 

285 

2375 

82 

49-97 

11-68 

2-45 

10-60 

traces 

11-20 

12-84 

0-25 

1-60 

0*33 

100-92 

302 

1450 

95 

46-84 

17-78 

, i 

1 *64 

10-79 

0-34 

11-87 

9-24 

0-28 

2-02 

... 

100-80 


It is evident, after the examination of the above figures, that the determination of these 
fragments as belonging to the basic glasses is established in an incontestable manner ; 
they must be referred to the lithological family comprising the basalts. 

It remains now to indicate the results of the analysis of the palagonitic matter 
which covered the fragment made use of in Analysis No, 93. 


Station, 

Depth in 
Eathoms. 

No. 

Si0 2 

A1 2 0 8 

Fe 2 O s 

Mn 2 O e | 

CaO 

MgO 

k 2 o 

Na^ 

H 2 0 

Total. 

276 

2350 

94 

44-73 

16-26 

14-57 

2-89 

1-88 

2-23 

4-02 

4-50 

j 9'56 

100-64 


In comparing this analysis with that of the anhydrous silicate (Analysis No. 93) from 
which this palagonitic matter was derived, it may be observed that the latter is produced 
by the hydration of the former; it contains, in fact, 9 ‘56 per cent, of water. The. 
transformation which has taken place seems to tend to the formation of a zeolitic sub- 
stance ; lime and magnesia are eliminated, the protoxide of iron passes into peroxide, 
alkalies derived from the action of sea-water enter into combination, the quantity of 
alumina remaining almost constant. 

Palagonitic Tufas . — This name was introduced by Sartorius von Waltershausen to 
designate certain tufas found in Iceland, Sicily, Galapagos Islands, and other regions, 
composed principally of fragments of basic volcanic glass, like those described above, along 
with other volcanic lapilli chiefly belonging to the basic series. These tufas are known 
to have been deposited under water, and in some cases the materials were probably 
derived from submarine eruptions. 1 In many regions of the deep sea tufas in every way 
analogous to these palagonitic tufas were discovered by the Challenger Expedition, 
associated with extensive depositions of peroxide of manganese, and frequently forming 
the nuclei of manganese nodules. 

1 See A, Penck , <( Ueber Palagonit- und Baealttuffe,” Zeitsch. d. d. geol GeselUch 1879, pp. 504-577, 
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The brecciaform character of these eruptive products is clearly represented by some 
of the figures on the accompanying plates, where these lapilli are shown as they appear 
aggregated in some of the deposits. The nuclei of the nodules of manganese from 
Station 276 and other stations in the South Pacific are in some instances crowded with 
splinters of basic glasses . or palagonite. These fragments do not always belong to 
the same types; they present differences of structure and of mineralogical composition, 
such as might be found in volcanic tufas, but they have not the homogeneity of an 
accumulation of fragments derived from the trituration of a lava-flow. It is sufficient to 
cast a glance at PI. XXI. fig. 1 to be convinced of the correctness of the above observa- 
tions ; this figure represents a thin section cut from the interior of an elongated man- 
ganese nodule, in which numerous fragments of basic glass, of felspathic basalt, and 
volcanic minerals may be observed, all presenting the character of lapilli. Not only the 
essentially vitreous nature, the mineralogical composition, and the structure, but also the 
form of the splinters — angular and without trace of wear and tear — all prove that these 
particles have not been submitted to the mechanical action of water. Commencing- at 
the top of the figure there are large crystals of plagioelase surrounded by vitreous matter 
or by microliths ; descending towards the centre of the figure is a large number of small 
angular fragments of basic glass, scoriaceous, yellowish, transparent, coated by zeolites, or 
black and opaque, and containing lamellae of plagioelase ; in the manganese to the right 
near the centre are small zeolitic crystals, and lower down is a large lapilli of black 
opaque volcanic glass ; next to it is a section of very vesicular pumice, opposite which is 
a fragment of basic glass ; near the lower part of the figure are accumulated plagioclases 
and splinters of volcanic glass more or less surrounded by zeolitic zones. In fact the 
aggregation of about fifty volcanic fragments in this nodule affords a very striking and 
typical example of the tufaceous character of these fragments of basic rocks as found at 
the bottom of the sea. This is also clearly shown by the palagonitie fragments 
enclosed in a manganese nodule, represented in PL XVIII. fig. 1. It seems necessary, 
then, to conclude that the angular form is original and due to the mode of projection, 
these splinters of basic glass being thrown out in the form in which they are now 
found. It does not seem possible to admit that they are clastic in the ordinary sense 
of the word, for there is no reason for believing that in the depths from which they 
were collected the mechanical movements of the sea are capable of producing the accu- 
mulation and fragmentation of these splinters. Still another argument in favour of 
the view as to the origin of these fragments here advocated, is their association with 
numerous volcanic fragments of very small dimensions ; these latter are undoubtedly 
ashes, and it is necessary to , admit the same mode of formation for them as for the 
larger fragments. 

The cementation of these minute particles and lapilli by zeolites presents still, 
another point of resemblance, with palagonitie tufas. Not only have the zeolites 
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crystallised in the internal pores and vesicles of these vitreous fragments, but they 
may be seen as coatings lining the empty spaces of the palagonite, as represented in 
PI. XVIII. fig. 4. These secondary minerals also cement several adjoining lapilli, in 
a manner like that represented in PL XVIII. figs. 2 and 3. When several splinters of 
basic glass, or oven several vitreous basaltic fragments, are enclosed in a manganese 
nodule, each one of them is usually bordered by a colourless crystalline zone. This zone, 
which follows the contours of each fragment, is composed of little prisms fixed at one 
extremity and fibro-radiate, the whole presenting a mammillated or festooned appearance. 
These zeolitic prisms become entangled by their free extremities with a similar zone 
surrounding an adjacent fragment. PI. XVIII. fig. 2 gives a good example of this 
cementation by zeolites ; five splinters of porous, greenish, and highly altered basic 
glass are in this manner united by zeolitic bands developed in the intervals between 
the lapilli. Fig. 3 of the same plate shows portions of two lapilli, where the basic glass 
with plagioclftHC is altered into a palagonitic substance, and each fragment is surrounded 
by a crystalline zone of zeolites ; here the little prisms which carpet the two opposite 
sides do not; unite, and the space between them is filled by earthy matters of a more or 
less brownish colour, and by deposits of manganese. These microscopic crystals of 
zeolites are often so minute, and their free extremities so entangled in a neighbouring 
zone, that, it is difficult to determine the species. In some exceptional cases, however, 
as in the interior of the microscopic geodes of scoriaceous glasses, sections of a quadratic 
aspect can he observed, with terminal crystalline faces, which recall in all points the 
crystals of phillipsite. found free in the surrounding clay. It is important to notice 
that these, zeolitic cryst als are always fixed, and have but one free extremity, for by this 
means it is possible to distinguish them from crystals of phillipsite formed in a free 
state in the. clay. It frequently happens, in fact, that the palagonite becomes com- 
pletely disintegrated, the broken-down fragments being found among the materials of 
the deposits, and amongst them are hands of zeolites and globules of the same nature 
as those which formerly filled the vesicles in the form of geodes. It cannot be doubted 
that t hese zeolites have formerly lined the lapilli, when it is remembered that these 
fragments of the bands have crystalline faces only at one extremity, and in the case of 
the globules that all the crystals of which they are composed have their heads turned 
towards the centre of the geode. 

The hydroehemieal modifications determining the decomposition of these fragments 
of glass into palagonite, and at the same time the formation of zeolites, have likewise 
resulted in the complete transformation of these lapilli into ferruginous argillaceous 
matter, ({ranted the facility with which these easily alterable glasses undergo hydration, 
and their perlitic structure, the lapilli should break up into minute particles, if they he 
not surrounded by more or less thick layers of manganese. If they remained isolated in 
the mud, we should expect to find, in the form of broken-down particles, the .microscopic. 
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fragments of these palagonitised glasses, on which the chemical action would continue to 
be exercised more easily as the materials became more and more subdivided. We should 
also expect to find, in a more or less isolated condition, the crystals formerly imbedded in 
the glasses, as these offer more resistance to decomposition than the indeterminate 
silicate which formed their base. This is what is actually observed, for in the free state 
in the deposits there are found minute lamellar crystals of plagioelase, often in the form 
of rhombic tables, sometimes augite, more rarely olivine, magnetite, and fragments of 
the zeditic bands just referred to. 

It is true that many of these minerals, such as plagioelase, augite, and magnetite, 
might be projected as volcanic cinders, or be derived from floating pumice, and being 
surrounded with a vitreous coating this might subsequently be transformed into pala- 
gonite ; but when these fragments are associated with fibro-radiate and globiform zeolitic 
minerals, it seems fair to conclude that the great majority of them have been derived 
from the disintegration in Mu of brecciaform vitreous lapilli. The other part of the 
residue, that is to say, the palagonitie matter itself, must necessarily be reduced by 
transformation into argillaceous matter more or less charged with iron and manganese. 
The rocks of this type on land surfaces show transformation on a large scale into red 
argillaceous matter, as, for instance, the argillaceous deposits of Iceland, and the red 
earths of a large number of islands in the Pacific. We shall have to speak again of 
these transformations when describing the chemical deposits at the bottom of the sea, 
hut it may now be pointed out that the hydrochemical modifications indicated for basic 
glasses must, in a certain measure, hold good also for the basalts with a vitreous base, 
which are so closely allied to the basic glasses. 

It is difficult to offer an opinion as to the geological age of the eruptions which gave 
origin to these tufas, for nothing is known with regard to their stratigraphical relations ; 
all we do know is that they are spread out on the superficial layer of the sea-bed at the 
points from which they were dredged. Remembering the profound analogies between 
these tufas and palagonitie tufas, some of which belong to the Tertiary Period, and their 
association in the deposits of the Pacific with sharks’ teeth and earbones of Cetaceans, 
some of them similar to those of Tertiary species, it is probable that these tufas go back 
as far as the Tertiary Period. There is no certainty, however, on this point, since 
eruptions giving rise to basic glasses analogous to those described still take place in tbe 
region of the Pacific, where the submarine tufas collected by the Challenger are best 
represented. The smallest palagonitie particles found free in the deposits may possibly 
have come from eruptions much more recent than the large lapilli of the same substance, 
for minute vitreous particles would, on account of their microscopic dimensions, more 
rapidly undergo decomposition into hydrated silicate than would be possible for the 
more voluminous fragments enclosed as nuclei in some manganese nodules or free in 
the deposits. 
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These observations relative to the time at which the eruption of these lapilli took 
place are also applicable in a certain, way to all the volcanic rocks found in a frag- 
mentary condition in pelagic deposits. Some of these lapilli are allied in fact by 
insensible transitions to the vitreous type described above. Such, for instance, are 
fragments of folspathic basalt with a highly developed vitreous base ; they are associated 
with the basic glasses, and probably belong to the same age. 

In other cases some fragments of basalt, of augite-andesite } of trachyte, appear to be 
the products of eruptions of a more recent date, for, although there may be among them 
fragments coated with thick layers of manganese,, there are others which have only a 
thin coating of that substance, and it seems legitimate to conclude that the greater or 
less thickness of the deposits of manganese indicates in a manner the relative length of 
time that the fragments have lain on the bottom of the sea. The relative age indicated 
by these different layers of manganese, which surround volcanic fragments and remains 
of organisms, will be fully referred to when treating of manganese nodules. 

In the descriptions of the Challenger specimens, in. Chapter II,, palagonitic materials 
art 1 , mentioned twenty times in lied Clay, four times in Radiolarian Ooze, once- in Diatom 
Ooze., tun times in (llobigerina Ooze, three times in Blue Mud, four times in Yolcanic 
Mud; and twice in Volcanic Sand. It will thus be observed that it is especially in the 
pelagic, deposits, and among these in the rod clay areas, that the palagonitic substances 
were most frequently observed. 

Basaltic and other lapilli . — Wo may be brief with the description of basaltic 
lapilli , which arc, often found associated with the lapilli of basic glass, and form along 
with thorn centres of manganese nodules. Some basaltic fragments are less angular than 
those found in the manganese nodules, and might even be taken for rolled pebbles, from 
their smooth surface, and rounded exterior, and these, from the thin coating of manganese 
with which they arc covered, have not, in all probability, the same origin as those 
forming the nuclei of nodules. Basaltic fragments are as frequent in. the deposits as the 
palagonitic lapilli, hut their determination is not always so easy, especially when they are 
small and altered, for their characters are much less sharply marked than those of the 
palagonitic materials. In consequence we have often distinguished the basaltic frag- 
ments, in the Tables of Chapter IX, under the vague names of scoriae, lapilli, and glassy 
volcanic particles, it being impossible to be more specific. However, many of the little 
fragments thus indicated belong undoubtedly to basalts, generally to basalts with a 
vitreous base, to fclspatkic basalts ; basalts with leueite or nepheline cannot be said with 
certainty to have been observed. 

Basaltic fragments axe found under the same conditions as the basie glasses, 
their dimensions arc the same, and they are specially numerous in the same stations 
where the palagonitic tufas were dredged. They are distinguished from the vitreous 
lapilli by their mineralogieal composition, which is that of ordinary basalts — olivine, 
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plagioclase, augite, and magnetite — with, or without a vitreous base. Generally they are 
fine grained; rarely they are seen to have the structure of dolerites. A great number 
are scoriaeeous, the vesicles being filled with zeolites, or carpeted by zeolitic zones, as 
in the case of the palagonitic lapilli. They are often associated with volcanic ashes, 
in which the minetaiogical elements of basalts predominate. Their alteration is less 
advanced than in the case of the basic glasses, which is undoubtedly due to the facts 
that they contain more crystalline elements, and are more compact. However, if they 
possess a vitreous base, or are porous, the hydrochemical decomposition appears to have 
advanced rapidly from the periphery towards the centre. 

This decomposition attacks not only the base, but also the olivine and augite, 
transforming them into secondary products ; the plagioelases, however, offer a greater 
resistance to this alteration, as may be seen by reference to PI. XIX. figs. 2 and 4. 
The two fragments there represented come from Station 276 in the South Pacific; it 
will be at once seen how much they are altered, and how much their structure is masked 
by deposition of secondary products. Fig. 4 shows a felspathic basalt with a decomposed 
vitreous base coloured by manganese ; the lamellae of plagioclase alone seem to have 
remained intact, and they are sharply marked off from the fundamental mass. The 
pyroxene enclosed in the base is entirely decomposed, and often transformed into deles- 
site ; in order to recognise this mineral, it is necessary to clean the preparation with an 
acid, when the form of the sections of pyroxene is revealed, but the optical properties 
are effaced. 

Olivine is the element in which the decomposition is most advanced ; to such a point 
is this the case that it would be even impossible to recognise it except for the cleavages 
and the form of its sections. These sections are shown in PI. XIX. fig. 4, where they 
appear regularly terminated with geometrical inclusions of the vitreous base with a 
fibrous structure, and covered with the red colour of hematised olivine. In the basalt 
represented in PI. XIX. fig. 2, the alteration has attacked the olivine to such an extent 
that the crystal is almost destroyed ; not only is it hematised, but it seems to be broken 
up and everywhere invaded by infiltrations of manganese disposed in large brown or 
opaque patches. No better example could be given of the state of decomposition of the 
volcanic rocks and minerals so frequently met with in deep-sea deposits. 

The vitreous base of some of the basaltic specimens is the first portion of the rock 
to undergo alteration, and it generally presents the same palagonitic appearance as the 
basic glasses, forming irregular patches of variable dimensions, or thin veins between the 
crystallised minerals. When thus altered this base assumes a zonary structure, presenting 
a beautiful red tint, and reacting between crossed nicols; in fact it behaves in every 
way like palagonite. Generally manganese infiltrations follow with the progress of the 
decomposition, and the structure of the base is then entirely masked, as may be observed 
by reference to PI. XIX. fig. 4. When it happens that this fundamental vitreous 
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mass is still sufficiently intact to permit observation with, high powers, it is sometimes 
seen to be devitrified by globulites, by trichites, and other embryonic crystalline elements. 
In short, the basalts met with in deep-sea deposits do not offer any peculiarities of 
structure or of composition different from those met with in similar rocks found on sub- 
aerial surfaces ; that which more especially characterises, them is their advanced state of 
alteration. 

Fragments of limburgit e, more or less palagonitised and. filled with whitish zeolites, 
are also found under the same conditions in deep-sea deposits as the lapilli already referred 
to, from which they are distinguished by their mineralogical composition. In these, 
crystals of povphyritic augite and olivine are observed in an altered vitreous base. "When 
the fundamental mass is still fresh it offers all the characters of the glass in the basic 
lapilli ; when it is altered it presents all the characters of palagonite. These fragments of 
limburgito are relatively rare, and are easily confounded with the basic glasses and the 
vitreous basalts into which they pass. Wo have only found them sharply characterised 
at a few stations, and especially at Station 157, 1950 fathoms, in. the Southern Indian 
Ocean, where they were associated with pebbles of ancient and recent volcanic rocks. 

The. fragments of anujiU^andesite, or of andesite with rhombic pyroxene, occur very 
frequently, and with the same, external characters as the lapilli of the preceding types. 
They may be distinguished by their composition, the absence of olivine and the presence 
of san id inn and quartz separating them from the basaltic lapilli. Sometimes they contain 
rhombic pyroxene, and are associated frequently with tufaceous andesitic cinders. In 
the. Tables of Chapter 11. they are stated to occur at Stations 147 and 150, in the Southern 
Indian Ocean ; Station 214, among the Philippines; Stations 276, 293, and 295, in the 
South Pacific. Some rare lapilli of hornblende-andesite were also met with ; these had 
a fundamental mass with a fine greyish black grain, enclosing plagioclases, hornblende, 
and sometimes sanidine. 

It may be said that, generally speaking, fragments of acid rocks are especially rare 
among the recent volcanic, rocks in the Challenger dredgings. An exception must, how- 
ever, lie made wit h respect to pumice, for we have seen that its mode of transport may be 
quite different from that of the fragments and lapilli just referred to. Just as the lapilli 
of basic rocks are, abundant in certain regions of the Pacific, for example, soj with the ex- 
ception of pumice, are traehytie and liparitie lapilli rare in these same positions. At certain 
stations, however, the nature of the mineral particles, the relative abundance of sanidine and 
of hornblende, the occasional presence of quartz, and especially of splinters of aeid glass, all 
indicate, that eruptions of traehytie cinders and lapilli must have taken place at the bottom 
of the sen. But it is difficult to be quite certain upon this point, for after what has been 
said aliove with reference to the distribution of pumico, its origin, and its disintegration, 
it may quite well happen that what is regarded as traehytie ashes from a submarine 
eruption may be nothing else than the residue derived from the disintegration of liparitie 

(llKBP-SSA DKI'OSITH CHAU,. KXP, — 1891.) ^ 
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pumice. Finally, it may be pointed out that just as the lapilli of compact basic glasses 
are abundant in a pelagic deposit, so are the splinters of obsidian, properly so called, rare 
in the same soundings or dredgings. 

Volcanic Ashes . — The minuter glassy and mineral particles of a volcanic eruption are 
usually called volcanic ashes, and differ only from the lapilli, with which indeed they are 
often associated, by their smaller dimensions. They may, however, occur without these 
larger fragments, and they have as a general rule a much wider dispersion ; indeed their 
distribution in deep-sea deposits is as extensive as that of pumice. By casting the eye 
down the columns of mineral particles in the Tables of Chapter II., it may be seen that 
fragments which might be called volcanic ashes are much more widely distributed than 
the lapilli or fragments of rocks. This arises from the circumstance that these volcanic 
mineral particles may have a double origin : they may have been projected as isolated 
grains by subaerial or submarine eruptions, or they may be derived from the mechanical 
disintegration or the chemical decomposition of pumice or lapilli, of which they formerly 
were constituent parts. In other words, they may be volcanic ashes in the proper sense 
of the term, or the residue of pumice and of lapilli more or less destroyed. All that was 
said at the commencement of this chapter with regard to the distribution of pumice 
applies equally to these incoherent particles. It will suffice to recall the phenomena 
witnessed in Iceland in 1874 and in Krakatoa in 1883, together with many similar 
instances, with reference to the projection of ashes, to understand the vast extent over 
which these particles may be spread. Granted the origin of these fragmental materials 
from the pulverisation of liquid lava, their transportation by air and by water, one would 
expect to find these volcanic dusts everywhere in the deep-sea deposits ; and remember- 
ing the rapidity with which they must have cooled, they should be present as vitreous 
particles, with the minerals which were ejected with them, in more or less embryonic 
form, and generally covered with a vitreous coating. This is, in fact, what is observed 
in pelagic deposits. 

It seems important here to recall what is understood by recent volcanic particles 
in opposition to mineral particles derived from the decomposition of ancient rocks of 
continental origin, which make up the larger part of terrigenous deposits. The researches 
of the last few years seem to have shown that the subdivision, before generally admitted 
into Tertiary and Post-Tertiary volcanic rocks, and into Plutonic or Pre-Tertiary rocks, 
cannot now be maintained. If we have, however, designated as recent rocks those 
spoken of up to this point in the present chapter, it is only because their position at the 
bottom of the sea and their lithological nature appear to require this classification. We 
seem to he justified in regarding these volcanic ashes as recent volcanic products like the 
pumice and the lapilli, with which they are associated in deep-sea deposits. It becomes 
very difficult to make this distinction among the mineral particles, especially when 
the -products of recent eruptions are mixed in the terrigenous muds with the debris of 
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continental rocks, and the difficulty increases still more when, far from the coasts, the 
terrigenous materials transported by icebergs and atmospheric currents are encountered 
However, what permits us to pronounce upon the relative age of these particles, 
derived from showers of ashes or from the alteration of rocks of recent eruptions, is their 
position in the deposits ; they are distributed in all the pelagic deposits in process of 
formation. They are found in the superficial muddy layers forming the bottom of the 
sea at points where mechanical actions could not have torn them from the subsoil and 
transported them to a distance ; indeed, we must regard the bottom of the ocean as every- 
where covered by deposits made up of free particles which have accumulated during 
long ages upon the solid rocks constituting the true subsoil. It must then be admitted 
that the muddy layer into which the dredge or trawl can sink only a few feet from the 
surface, is of recent age, or at the most Tertiary in certain points of the Pacific, where 
numerous vertebrate remains were procured. We have still another proof of the recent 
age of these volcanic; ashes in the fact that the vitreous particles have in many instances 
still preserved their original fresh characters, whereas in the older geological formations 
similar particles luwe undergone profound alteration. The same argument holds good 
for the. isolated mineral particles associated with the vitreous splinters. Although altera- 
tion has commenced in nn appreciable manner in many of these minerals and fragments, 
it may b»*. said that in the majority of cases it is not far advanced. 

In the year 1H83 we published a memoir 1 on the characters of volcanic ashes and the 
products of the disintegration of pumice and lapilli found in marine deposits. These 
characters have been in part given under the heading of pumice. In addition to the 
characters due, to form there pointed out, the abundance of embryonic crystals and 
of skeletons of crystals may lie regarded as likewise characteristic of these particles. 
T! ic presence of crysta ls arrested in their development may easily be accounted for if we 
remember that the vitreous material which encloses them has been suddenly cooled, and 
that molecular changes have consequently been suddenly interrupted. 

The mineral particles in a deep-sea deposit having been derived from a great variety 
of sources, it is as a general rule impossible to say which of the volcanic particles have 
been derived from the basic, neutral, or acid series of rocks, and owing to this mixture 
chemical analysis is not available ns a means of interpretation. Sometimes, however, it 
is possible to state with considerable certainty that the volcanic particles have been 
derived from a shower of ashes from a single eruption, as, for instance, in the ease 
represented in Id. 1Y. fig. 3 from the South Pacific, Station 281, 2385 fathoms. Here 
the coarser particles have fallen upon a Bed Clay, the point of junction being represented 
by the dark line in the centre of the section, finer and finer particles lying in layers 
above these just as they have fallen more slowly through the water. In PI. XXI. 
fig. 2 the larger mineral particles of this volcanic ash are shown at the line of junction 

1 Pm:. Hoy. Soc. Min., vol. xii. }>p. 474 at te>i. 



31 ft THE VOYAGE OF H.M.S. CHALLENGER. 

between, the ash and Bed Clay, the left of the figure representing the ash and the 
right the Bed Clay. In the volcanic ash all the minerals are clastic, irregularly dis- 
posed, with almost no interposition of clay. This accumulation has a greenish tint 
due to the presence of a large number of fragments of augite, hornblende, delessite or 
chloritic substance. The outlines of almost all the crystals are blunted as if broken. 
Hornblende is represented by fragments of a brownish or dark greenish colour, with the 
characteristic cleavages, strongly pleochroic. The crystals of augite are greenish or 
brown-violet ; very often augite is present in the form of aggregated microliths 
surrounded by delessite. There is also a large number of sections of felspar belonging 
to plagioclase or sanidine ; they are colourless, more or less irregular, and generally 
transformed into zeolitie matter. Moreover, there are in this ash rather small lapilli, 
principally formed of an aggregation of green microliths of augite and small fragments 
of basalts, or of highly-altered basic glass. Finally, there are numerous grains of 
magnetite, of manganese, and of olivine transformed into hematite. All these mineral 
particles are cemented by colourless zeolitie substances. 

The general appearance of these particles under the microscope is further represented 
in some of the lithographic plates at the end of the volume. Plate XXVI. fig. 2 shows 
numerous minute vitreous splinters transformed into palagonite and coloured by manga- 
nese and iron, along with augite, plagioclase, magnetite, from a Bed Clay, Station 282, 2450 
fathoms, South Pacific. Fig. 3 of the same plate represents the mineral particles of a 
Red Clay from the South Pacific, off the coast of Australia, Station 165 a, 2600 fathoms. 
There are numerous angular fragments of volcanic glass with elongated pores and ragged 
outlines among the particles of felspar, hornblende, grains of man ganese, and minute 
rounded particles of quartz. The rounded fragments of quartz coloured with limonite, 
represented in this figure, are evidently wind-borne particles from the continent of 
Australia. PL XXVII. fig. 2 represents the mineral fragments and fine w ashing s in a 
Bed Clay from the South Pacific, Station 178, 2650 fathoms. Besides the crystals of 
felspar and augite there are numerous vitreous, colourless, volcanic particles with 
elongated pores, and in addition to these a very large number of extremely minute 
particles of the same nature, which make up the principal part of what we denomi- 
nate in this work “fine washings.” These smaller microscopic particles are more or 
less angular, forming an impalpable powder, and it will he seen that they cover the 
field of the figure between the larger mineral particles. PI. XXVII. fig. 3 shows again 
abundance of vitreous particles of pumice, along with volcanic minerals, from a Red Clay 
in the North Pacific, Station 240, 2900 fathoms. As in all the preceding residues, the 
mineral particles are angular ; the vitreous particles are sharply characterised by their 
jagged outlines and their structure, and among them are some vitreous grains trans- 
formed into palagonite. PI. XXVII. fig. 4 presents once more an abundance of volcanic 
particles from a Bed Clay, South Pacific, Station 294, 2270 fathoms. The vitreous 
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particles present the same characters as in the preceding figures, associated with crystals 
or splinters of felspar, plagioclasc, augite, and magnetite. Among the particles may be 
observed bipyramitlal crystals of quartz, which may have come from the disintegration 
of a liparitic rock. In PL XXVII, fig. 5 the aspect of- the minutest particles of 
the fine washings of a ladiolarian Ooze is represented, from Station 225, 4475 fathoms, 
West Pacific. In addition to the debris of organisms, there may be observed little 
fragments of volcanic minerals, or splinters of colourless glass with a porous appearance. 
PL XXVI. fig. 1 represents the mineral particles from the residue of a Glohigerina Ooze, 
in the South Pacific, Station 300, 1375 fathoms; these are observed to have the same 
characters ats in the case of the Red Clays, consisting of vitreous particles associated with 
splinters of felspar, plagioclasc, magnetite, augite, and minute grains of manganese 
peroxide. 

It' now we pass to the. mineral particles in terrigenous deposits, we may still in some 
instances recognise an abundance of vitreous particles, as, for instance, in the deposit 
called a Blue Mud, in the South Pacific, Station 303, 1325 fathoms, represented in 
PI. XXVI. tig. 4. Hero4.hu mineral particles are almost exclusively formed of splinters 
of a brownish glass, more or loss vesicular, the pores being generally rounded, but 
associated with these are colourless particles with a filamentous structure, which are 
probably derived from acid glasses. The predominance of vitreous particles and volcanic 
minerals in a Him* Mud is also represented in PL XL fig. 2, showing the mineral particles 
from Station 237, 187. r > fathoms, North Pacific. Here there are seen besides the 
fragments of plngioelase, sanidine, augite, hornblende, and magnetic grains, many 
splinters of vitreous mutter which arts present under three different aspects — some 
transparent, slightly violet, or almost colourless, fibrous with cylindrical pores, as may 
be seen in the lower part of the, figure and near the upper left hand side; other 
vitreous splinters are deep brown, almost opaque, with large, more or less circular, pores ; 
and again these vitreous particles are, transformed into a reddish brown resinoid 
substance, resembling pnlagonite, as may he seen on the right hand side of the figure. 
In PI. XX VII. fig. 1, which represents the. mineral particles in a Volcanic Mud, off the 
Sandwich islands in the North Pacific, Station 2(52, 2875 fathoms, we have a most 
typical example of these vitreous fragments. The whole field of the microscope is 
occupied by vitreous particles, slightly brownish in colour, with relatively few pores, 
but presenting the characteristic fracture, and outlines of these glassy fragments. 

All the figures i«> which we, have referred represent these particles in an isolated 
condition in the deposit. In the compact tufas which were dredged from the bottom of 
the sea they present u slightly different aspect. 

in the Tables nf Chapter II. vitreous particles arc recordod in 45 specimens of led 
Clay, C of ltiidiolnrinii Ooze, 4 of Diatom Ooze, 63 of Glohigerina Ooze, 6 of Pteropod 
Ooze! 20 of Blue Mud, S of Red Mud, 10 of Green Mud, 20 of Volcanic Mud, 3 of 
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Yoleanic Sand, 7 of Coral Mud, and 1 of Coral Sand. This enumeration indicates 
the wide, even the universal,, distribution of these partieles over the floor of the 
ocean. 

Recent Volcanic Minerals in General . — After what has been stated' above, there can 
be little doubt as to the mode of origin and relatively recent age of the numerous vitreous 
partieles scattered over the floor of the ocean. It has been indicated that the mineral 
particles and the more or less complete crystals, which are mixed with these vitreous frag- 
ments in deep-sea deposits, have in all probability a similar age and origin, having been 
derived from the disintegration of the pumice and lapilli of submarine and subaerial 
eruptions. While this is probably the correct interpretation for the mineral particles of 
those pelagic deposits in which all, or nearly all, the inorganic residue is made up of 
volcanic products, it cannot be held to apply to those deep-sea deposits around continental 
shores, in which, the fragments of crystalline, schisto-erystalline, clastic, and organic rocks 
of various ages make up a large part of the deposit. 

With reference to the origin of the mineral partieles, we, in all cases, rely principally 
upon their association with larger fragments of rocks containing these minerals in the 
same deposit or in the same region of the ocean. Thus, when we discover in the free 
state crystals of plagioclase and augite, still in part covered by vitreous matter, 
associated in the same deposits with palagonitic lapilli or altered pieces of pumice, we 
conclude that these isolated minerals are of the same age as, and have had a similar 
origin to, the fragments which accompany them. In the same manner, if we find 
orthoclase, mica, or quartz, for example, along with fragments of granite, gneiss, and 
schist, we are led to conclude that the minerals in a free state in the mud' have been 
transported by the same agents that have carried the rocks accompanying them, to which 
we assign a continental origin. This distinction has all the more force remembering 
what has been said as to the universal distribution of volcanic materials in the form of 
pumice, lapilli, and ashes, and the more limited distribution of the terrigenous minerals, 
which are transported only to a relatively restricted zone surrounding continental shores. 

In some cases continental fragments may be carried much further than here 
indicated, and may be mixed with the volcanic fragments which are characteristic of 
pelagic deposits. In these cases the distinction between minerals derived directly from 
continental rocks and those derived from volcanic products becom.es exceedingly difficult, 
and we must then rely upon the peculiarities which the minerals present, especially the 
silicates of eruptive rocks, according as they have crystallised, in rocks of the ancient or 
of the more recent series. We will point out the distinctive characters which may serve 
as a guide in this classification, but it must be remarked that these characters have no 
absolute value, and that between the same species of minerals constituting the two series 
of rocks the differences are rather quantitative than qualitative. However, when these 
special details are taken into consideration along with the mineralogies! and lithological 
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associations, as ■well as the position with reference to distance from coasts, there is an 
excellent means of forming an opinion relative to the origin of the mineral particles 
that may be met with in deep-sea deposits. On pp. 19-23 we have indicated the 
properties most easily observed in free mineral particles, in the form of more or less 
perfect crystals or irregular splinters, that may serve to determine the species. It 
remains here to point out some special characters of volcanic minerals, which permit ns 
to distinguish them from minerals of continental origin. Under each species, arranged 
alphabetically, are given the distinctive peculiarities on which we have relied in deter- 
mining the species as having come from recent eruptions. 

Amphibole, Basaltic hornblende, fragments of well-crystallised individuals, sometimes 
regularly-hounded crystals coated with volcanic glass, generally compact, no fibrous 
structure, well-marked cleavage, high lustre on the planes of cleavage, black by reflected 
light, brown or reddish brown by transmitted light, strong pleochroism and absorption, 
zonary structure, numerous vitreous and gaseous inclusions, coating of magnetite and 
characteristic corrosion Felspars, (a) Monoclinic, Sanidine, often in crystals, with 
glassy habit, colourless and transparent, tabular parallel to M, or elongated parallel to 
the edge P/M, separation-planes parallel to the orthopinakoid, numerous gas and 
vitreous inclusions often crowded together in the same crystal, having sometimes 
geometrical outlines, and often regularly disposed in the interior of the crystal, often 
covered by or imbedded in a glassy coating, (b) Triclinic, Plagioclase, glassy habit, 
transparent, few decomposition products, crystals in the form of thin rhombie tables 
parallel to M, gaseous and vitreous inclusions. Olivine, regularly-formed crystals coated 
with volcanic glass or palagonite, often skeleton crystals, inclusions of vitreous particles, 
rarely decomposed into serpentinous matter, often reddish by decomposition of ferric 
oxide. Pyroxene, (a) Rhombic, Hypersthene, reddish or brownish fragments, or bounded 
by cleavage planes, or vaguely- outlined crystals, prismatic, intergrowth with monoclinic 
pyroxene. Bronzite, glass inclusions, no intergrowth with monoclinie pyroxene. ( b ) Mono- 
clinic, Angite, often regularly-formed crystals, or fragments coated with volcanic glass, 
fresh, rarely decomposed into chloritie substance or into uralite, frequent glass inclusions. 
Quartz. — In exceptional instances quartz was observed as small crystals bounded by the 
planes of the hexagonal prism and pyramid ; these may have been derived from liparitie 
ashes, ox from the disintegration of liparitie rock fragments. In other cases a few quartz 
grains containing glass inclusions were observed, hence in all probability of volcanic 
origin. 

It is evident that the distinctive characters given above are especially in relation with 
the less advanced degree of decomposition, which is itself a consequence of their recent 
eruptive origin. These characters have never been used exclusively, but always in con- 
junction with the mineral associations and positions in the deposits. There are other 
mineral particles in the sediments, which, in the free state, do not offer any distinctive 
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characters to admit of even an approximate classification as to their origin. Among these 
are magnetite, black mica, apatite, epidote, zircon, delessite, and zeolites, such as analcim 
and ehabasite. Some of these, as epidote and zircon, would not likely be found in any 
abundance among the debris of recent rocks.; their presence, however, is possible. As to 
the secondary minerals and products of alteration, like glauconite, oxides of iron and 
manganese, zeolites, phosphates, and carbonate of lime casts, they will be considered in 
detail in the succeeding chapter.. 

Although it may be difficult to determine the relative abundance- of the different 
kinds of mineral particles in each type of deep-sea deposit, still it may be stated gene- 
rally that volcanic minerals, which bear distinctly the impress of their origin, are not 
only universally distributed throughout deep-sea deposits as a whole, but that they 
abound in the pelagie deposits properly so called, where they form essential constituents. 
In these pelagie regions the minerals are angular, generally of small dimensions, have 
a relatively fresh aspect, and are attached to vitreous particles or to rocks of volcanic 
origin. In certain cases these same volcanic minerals occur in the free state in 
Yolcanic Muds and Sands close to the coasts, but then the dimensions and physical 
characters permit us to distinguish them from minerals of the same nature found in the 
deposits forming at depths, beyond the mechanical action of the sea. 

Some of the figures on the plates at the end of the volume represent the aspect of 
these volcanic m i n erals in the deposits of the littoral and shallow-water zones. PL XXVI. 
fig. 5 shows such particles from the littoral zone at the Sandwich Islands, where they are 
almost exclusively composed of broken crystals of olivine ; this uniformity of the minerals 
proves that we are dealing with a deposit from a position in which the action of wind 
and water effects a separation according to specific gravity. A simila.r separation of 
minerals is never observed in deep-sea deposits, where the elements are much less 
voluminous, as may be seen by reference to figs. 1 to 4 on the same plate. PI. XXVII. 
fig. 6 represents rounded grains of quartz, glauconite, tourmaline, and zircon, from Station 
189, 28 fathoms, in the Arafura Sea. PL XXVI. fig. 6 represents the volcanic minerals 
of a shallow-water deposit off the Admiralty Islands. As in fig. 5 the grains are large ; 
some are distinctly rolled, and among them are plagioclase, hornblende, augite, olivine, 
magnetite, fragments of volcanic glass, palagonite, rounded lapilli, and quartz. PI. XI. 
fig. 2 shows the volcanic mineral particles in a deposit further removed from the coast, 
but not iu pelagic conditions properly so called ; these are from a Blue Mud, Station 
237, 1875 fathoms, off Japan. Among the particles are plagioclase, sanidine surrounded 
and enclosed by a blackish opaque glass, hornblende, augite, little plates of black mica, 
magnetite, and fragments of volcanic glass more or less decomposed. In PL XXVII. 
figs. 1 to 3, and PL XXVI. figs. 2 to 4, the characters under which these volcanic 
minerals appear in pelagic deposits are represented, and may be compared with the 
figures above referred to. 
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(6) Rocks and Minerals derived directly from the Continental Masses. 

The widespread mineralogical products in marine deposits, derived from the ejections of 
submarine and subaerial volcanoes, have been dealt with in considerable detail in the pre- 
ceding section, and it is now necessary to consider the products of the second category, 
with a more restricted distribution, referred to at the beginning of this chapter, viz., those 
derived immediately from continental masses and emerged lands. In the first instance, 
we may direct our attention to the fragments of continental rocks, and their distribution 
in marine deposits, and afterwards consider the mineral particles derived from the dis- 
integration of continental rocks. 

Fragments of Continental Rocks . — It is unnecessary to treat in detail the fragments 
of rocks and minerals met with in the littoral and shallow- water zones. It is evident that 
these are, for the most part, derived from the adjoining coasts, by the action of tides, 
waves, currents, and winds upon the submerged and emerged rocks which crop out in the 
shallow-water and littoral zones, or they have been transported from the far interior of 
the continents by the action of rivers and the ice with which rivers may sometimes be 
covered. In this work we have especially to deal with the deposits formed in the deep 
sea, that is beyond the 100-fathom line, or beyond what we have called the mud-line, 
where currents, waves, and other mechanical agents, play but an insignificant role. From 
d priori considerations we would not expect large fragments of the Continental rocks to 
be carried seaward beyond the mud-line, except in what might be called abnormal condi- 
tions. The larger fragments met with in such abundance in the shallow- water and littoral 
zones are, by the mechanical and chemical actions of the region, continually subject to 
disintegration and decomposition; the minute products of their destruction are transported 
by currents into the stiller waters of the deep-sea region, where they slowly settle to the 
bottom, forming muds and oozes. The minute fragments thus transported seawards are 
rarely fragments of rocks, being principally made up of the more resistant crystalline 
particles, together with clayey and other amorphous matters. Indeed, under all 
normal conditions, it is rare to find fragments of rocks among the mineral constituents 
of a deposit, even in depths of a few hundred fathoms, and thirty or forty miles 
seaward, even although the shallow-water zone towards the land be of great extent, 
and covered with continental blocks of all dimensions and of varied lithological con- 
stitution. 

It is well known, however, that continental blocks are in exceptional circumstances 
carried to great distances fixed in the roots of trees, or entangled among the other 
materials that are borne as natural rafts into the ocean from great rivers. Rivers 
affected with ice during some part of the year are also the means of distributing 

(deep-sea deposits ohall. exp. — 1891 .) 41 



322 


THE VOYAGE OP H.M.S. CHALLENGER. 


continental rocks over the ocean to considerable distances from their embouchures, but 
icebergs effect this distribution to a much "wider extent than any other agent with which 
we- are acquainted. 

In the examination of the deposits collected by the Challenger and other ex- 
peditions, fragments of continental rocks and minerals were rarely if ever found in 
any of the regions of the great ocean basins far from land, except in, or in the 
immediate neighbourhood of, those regions affected by floating ice and icebergs in 
the northern and southern hemispheres. It is true that these fragments of rocks have 
been found some distance beyond the known limits of floating icebergs, but it is 
evident that floating ice must have had a wider extension formerly than at the 
present time. In the Quaternary Period, for example, the great extension of glaciers 
indicates that the icebergs derived from them must have been more numerous, 
while the climatic conditions must have contributed to their wider distribution in low 
latitudes. 

During the voyage of the Challenger, the fragments of ancient rocks and minerals 
were met with in more or less abundance in the following regions : — 

Between Bermuda and Halifax : 1 large block of syenite, diabase, quartziferous 
diabase, basalts; fragments of gneiss and of mica-schists; quartzite containing 
tourmaline, zircon, kaolin, chloritie substance; dolomitic limestone. 

Between Bermuda and Azores : 2 sandstone containing mica ; mica-schist . 8 

Between Tristan da Cunha and Cape of Good Hope : * the presence of large 
fragments of quartz, orthoelase, hornblende, tourmaline, and augite, indicates 
that the Challenger here passed over a region occasionally affected with float- 
ing ice. 

Between Heard Island and Melbourne . 6 During this trip towards the Antarctic 
regions, blocks, pebbles, and fragments of ancient rocks were found to make 
up a considerable proportion of the whole of the deposits, the following having 
been observed : — Granite containing orthoelase, plagioelase, quartz, black mica ; 
granitite containing orthoelase, plagioelase, quartz, black mica, and hornblende ; 
gneiss containing quartz, black and white mica, garnet ; amphibolite with large 
crystals of green hornblende and quartz ; metamorphic quartzite speckled 
with black mica ; fine grained micaceous sandstone, with white mica ; fine 
grained chloritie sandstone ; red sandstone ; slates containing sericite, rutile, 
and quartz. 

Between Tahiti and Valparaiso . 0 Although the Challenger was considerably to the 

1 See pp. 151, 152. 2 See p. 152. 

s The Trench ship “Talisman” dredged fragments of continental rocks even further to the south and east (see 
Fouque and Ld^y, Corrupt® Reaim , tom. cii. pp. 793-795, 1886). 

1 See p. 157. See pp. 163, 164, 6 See p. 180. 
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north of the known limit of icebergs in this trip, still there were several frag- 
ments which appear to have been derived from icebergs : — 

Station 285, rounded fragments of granite, arkose ; 

„ 286, granite pebble ; 

„ 289, fragment of diabase ; 

„ 299, angular piece of granite ; 

„ 302, piece of granite coated with manganese, fragment of flint. 

If the positions of the fragments above enumerated be compared with a map showing 
the distribution of icebergs in the present seas, it will be observed that they are all 
within, or just beyond, the limits of the iceberg regions, and it cannot be regarded as 
other than a remarkable fact that the Challenger should not have found any fragments 
of continental rocks in the central portions of the ocean basins, except in the localities 
indicated. The position, then, in which these blocks and fragments of continental 
rocks were found is in itself sufficient evidence that they have been transported by 
floating icebergs and icefields of the present or of recent geological times. This view is 
confirmed by the nature and character of the transported material. The blocks are of 
all sizes, from several feet in diameter to the smallest dimensions ; their angles are 
sometimes rounded or softened, at other times sharp, and the larger fragments are 
frequently covered on one or more surfaces by glacial striations. In their nature the 
fragments are very heterogeneous, being derived from almost all the varieties of the rocks 
that crop out on the surface of the continents. This great variety in the dimensions and 
lithological nature of the continental debris spread over the floor of the ocean towards 
the polar regions of either hemisphere is exactly what we would expect to find in 
materials transported by floating ice. The glaciers, which give birth to the icebergs, in 
passing over the continental surfaces would necessarily carry away large and small frag- 
ments of all the continental rocks cropping out at the surface. The icebergs, in widely 
distributing these continental materials, would produce in the deep sea a deposit con- 
taining fragments of granite, gneiss, quartzite, schists, dolomites, crystalline limestones, 
and even fragments of volcanic rocks. The heterogeneity of such a deposit is thus in 
striking contrast, so far as its mineralogical constituents are concerned, to the homo- 
geneity presented by truly pelagic deposits, in which, as we have seen, volcanic materials 
alone make up the inorganic portion of the deposit. 

While icebergs are the only agents that are capable of effecting this wide distribution 
of continental rocks and minerals, Mr. Murray has shown that both seals and penguins 
carry to sea large numbers of stones and rounded pebbles in their stomachs, to which the 
sealers give the name of “ballast.” 1 These animals may therefore, to some extent, dis- 
tribute rock fragments to great distances from the land. Should any of them be killed 

1 See Zool. Chall. Exp., pt viii. pp. 126, 12*7 ; also Turner, Report on the Seals, Zool. Chall. Exp., pt, kyiil p. 130, 
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or die at sea, their soft parts, and even their bony structures, might be entirely removed 
in solution, while the stones and pebbles contained in their stomachs would remain as a 
part of the deposit. 

It has been pointed out that minute fragments of rocks, especially particles of quartz 
and other continental minerals, have been found in some of the deep-sea deposits at 
great distances from the coasts of Africa and Australia. This abnormal distribution is 
to be accounted for by the great distance to which winds may carry dust from desert 
regions on the continental surfaces, as, for instance, the Sahara and the interior of 
Australia. 

It will thus be seen that the area to which continental debris may be transported 
over the door of the ocean varies greatly in different localities. It is least 'along high 
and bold coasts in tropical and subtropical regions ; it is more extensive off the mouths 
of great rivers, off the coasts of desert regions, and in enclosed seas, but is most extensive 
towards the polar regions, where blocks of all sizes and kinds are widely distributed by 
icebergs and other kinds of floating ice. 

Minerals derived from the Disintegration of Continental Rocks . — An examination of 
terrigenous deposits shows that the prevailing minerals around continental shores are 
those that might be derived from the disintegration of emerged lands. The size of these 
minerals, as well as their abundance, is in direct relation with their greater or less 
distance from the coasts, except in iceberg regions. They have frequently a rolled aspect, 
their angles being softened, and they recall by all their peculiarities the same mineral 
species which constitute most of the geological layers making up the continental masses. 
Quartz plays the principal role. The normal position of these minerals is coincident with 
the distribution of terrigenous deposits, and if exceptionally they are found in pelagic 
deposits, they have been in these cases transported by icebergs, by atmospheric currents, 
or other agencies to which we have just referred in speaking of the distribution of con- 
tinental rocks. 

In some cases there are special characters which may serve as a guide in attempting 
to establish the terrigenous origin of these particles, but it must not be denied that this 
subject is surrounded with many difficulties. It is often difficult to determine the age 
of certain rocks by a study of their lithological composition ; in a much higher degree, 
therefore, is the determination of the isolated minerals which constitute these rocks a 
matter of great uncertainty. In all these cases the most certain guide is the mineralo- 
gical association with the rock fragments in the deposits. There are some minerals which 
have not been recognised in recent eruptive rocks, or at least are extremely rare in these 
masses, while on the contrary they are extremely abundant in the rocks of the ancient 
eruptive series; tourmaline and muscovite are examples. If minerals, about which 
there is uncertainty as to their age and origin, be associated, with fragmentary masses of 
crystalline and sedimentary rocks of the ancient series, we may conclude with very great 
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probability that these minerals have been derived from the disintegration of rocks found 
at the surface of the continents. These determinations rely not so much upon any 
isolated characters, as upon the union of a variety of conditions, such as geographical 
position, size and form of the grains, specific nature of the minerals, characters indicating 
the mode of transport, and especially the lithological and mineralogical associations. 

After these general remarks we may give an enumeration of the principal species of 
minerals which are considered as having a terrigenous origin, along with some of their 
most striking peculiarities. It must he remembered, however, that these characters are 
not absolute, and that their value is important only when taken along with associated 
rocks and minerals. 

Amphibole, Common Hornblende, generally greenish, rarely brownish, more or 
less distinctly prismatic, fibrous structure, rarely zonary or containing inclusions, 
cleavage planes not well marked nor very shining, associated with debris of crystal- 
line or schisto-crystalline rocks. Actinolite, found as columnar or fibrous aggregates, 
associated with large fragments of actinolite-schists. Glaucophane, small prismatic 
fragments, pronounced violet-blue colour, associated with land debris and fragments 
of mica-schists and gneissic rocks. Apatite, although mineralogically no distinction 
possible from apatite derived from volcanic rocks, the larger grains of this mineral, 
often elongated or rounded fragments, occur associated with debris of older rocks. 
Ccdcite, fragments of compact limestones. Chlorite cannot be determined by its 
proper characters as originating from older rocks, but frequently occurs with debris 
of schistose rocks, with amphibolic or schistose fragments, also as coatings of some 
continental rocks and minerals. Chromite, with debris of olivine rocks. Dolomite, 
as fragments of dolomitic limestones and dolomitic rocks, with blocks and gravel 
of older eruptive and sedimentary rocks transported by icebergs. Felspars (a) Mono- 
clinic, Orihoclase, generally fragments bounded by cleavage planes following P and M, 
often altered grains, no glassy habit, dull and milky, no glass inclusions, some liquid 
inclusions, intergrowth with quartz or with triclinic felspar, decomposition into kaolin 
or muscovite, no zonary structure nor fissures as in. sanidine, associated in the deposits 
with debris of crystalline schists, and principally with older eruptive rock fragments. 
(b) Triclinic, Microoline, always associated with debris of continental origin. Plagio- 
clase, dull and cloudy, generally altered, associated with debris of older eruptive rocks. 
Garnet, although mineralogically no distinction possible, must be of continental origin 
when coated with green chloritic or serpentinous substance or phyllitie matter, and 
occurring with fragments of schisto-crystalline rocks. Glauconite . 1 Magnetite cannot 
be distinguished from the same mineral in the recent volcanic rocks and particles, 
but often associated with land debris. Mica, White Mica, always associated with older 
eruptive rocks and continental debris ; Sericite, associated with fragments of schistose 

See Chemical Deposits, Chapter VI. 



326 


THE VOYAGE OF H.M.S. CHALLENGER. 


rocks. These two micas are veTy characteristic of terrestrial rocks and mineral particles. 
Olivine, distinction difficult, but sometimes irregularly-bounded fragments, decomposing 
into serpentine, and with fragments of older eruptive roeks. Pyroxene (a) Rhombic, 
Bronzite, lamellar aggregates, generally large fragments found with older eruptive 
rock debris, with peridotite fragments. ( b ) Monoclinic , Augite, fragments irregularly 
hounded or bounded by cleavage planes, transforming into uralite or chlorite, rarely 
vitreous inclusions, associated with fragments of diabase. Diallage, grains bounded 
by eleavage planeB, associated with mineral particles and fragments of older eruptive 
rocks. Quartz,, grains generally without crystallographic outlines, rounded or angular, 
sometimes covered with oxide of iron, liquid inclusions, some with carbonic acid or 
a-ma.11 cubic crystals, needles of rutile, tourmaline, scales of chlorite, hematite, &c. 
Occurs always with granitic, porphyritic, sehisto-crystalline rocks, or with fragments of 
con tin ental sedimentary roeks; the minerals and rocks associated with the quarts 
grains give a due as to the matrix rock. In some cases grains quite rounded, and 
all of about the same dimensions, with thin coating of limonite, found far from coasts in 
pelagic deposits, are to be considered as wind-borne . 1 Rutile, small grains, or microscopic 
prismatic crystals imbedded in schistose rock particles, always associated with continental 
debris. Serpentine, compact or fibrous grains, associated with fragments of older 
crystalline roeks, principally with peridotic rocks. Tourmaline, often in small prismatic 
fragments of crystals, almost always of continental origin and associated with debris of 
crystalline schists, granitic rocks, &e . 2 Zircon, small quadratic crystals, more or less 
rounded, as in the case of tourmaline, almost always of continental origin, and found 
with debris of crystalline schists and of older eruptive rocks ; associated frequently 
with quartz grains, and other minerals derived from the disintegration of sedimentary 
rocks.® 

The above are the principal mineral particles in the marine sediments to which we 
attribute a continental origin. The mineral characters of many of them are not, how- 
ever, of a nature to give certain and satisfactory indications ; especially is this the case 
for the particles of apatite, chlorite, chromite, epidote, garnet, hematite, magnetite, 
olivine, and pyrites. It is only the geographical position, along with the mineralogical 
associations, that permits a satisfactory determination in any particular case. On the 
other hand, for several of the species a continental origin seems to be indicated beyond 
all doubt ; this is the case with glaucophane, white mica, sericite, tourmaline, zircon, 
microcline, and for the great majority of the grains of quartz. 

1 See Plate XXYI. fig. 3 ; these rounded grains of quartz are here associated with particles of felspar, green horn- 
blende, glassy volcanic fragments, grains of manganese, very rarely fragments or particles of vein quartz, milky, and of 
irregular form, found with continental land debris. 

2 See Plate XXYII. fig. 6$ black fragments of prismatic crystals of tourmaline, with rounded grains of quartz 
glauconite, and zircon. 

8 See Plate XXYII. fig. 4 j small bipyramidal crystals, one in the centre, the other a little higher in the figure. 
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II. Mineral Substances op Extra- Terrestrial Origin. 

Among the many substances contributing to the formation of deep-sea deposits, there 
are a few of small dimensions which it has not been possible to refer to a terrestrial origin. 
Both on account of their small size and their rarity, they make up only an insignific an t 
part of any of the samples of the different types of deep-sea deposits, but on account of 
the extra-terrestrial origin attributed to them, and their peculiar distribution over the 
floor of the ocean, they are exceedingly interesting, have given rise to much discussion, 
and therefore merit a detailed description. Mr. Murray first called attention to certain 
of these particles from the deep-sea deposits in the year 1876, 1 and described them as 
cosmic dust, pointing out at the same time that these particles were much more abundant, 
in all the deep-water deposits far from land, where accumulation must be relatively slow, 
than in other regions of the ocean’s bed. The detailed characters of these magnetic 
spherules, with illustrations, were given by us iu a special paper published in 1883, in 
which were also described the brown-coloured spherules or chondres.* 

When the magnetic particles are extracted from a marine deposit, in the manner 
described on page 17, and placed under the microscope, it will be found that the great 
majority consist of magnetite derived from eruptive and other rocks. Many of these are 
still attached to silicates or vitreous volcanic matter, which clearly indicate their origin. 
But along with these fragments of magnetite or titanic iron, there are other grains 
equally magnetic which do not present crystalline contours, and do not occur in the foj aafr 
of irregular grains; — it is to these that the name of cosmic dusrTfas "ISeen applied. 
They may be divided for the purposes of description into two groups: — first, black 
magnetic spherules, with or without a metallic nucleus ; second, brown-coloured spherules 
resembling chondres, with a crystalline structure, 

(a.) Black Magnetic Spherules. 

These magnetic spherules rarely exceed 0 '2 mm. in diameter. Their black and shin- 
ing surface is formed by a coating which possesses the properties of magnetic iron. 
This coating is absolutely opaque and black in thin splinters, has a metallic lustre, is 
attracted by the magnet, and is soluble with difficulty in acids. There is often at the 
periphery of the spherule a more or less pronounced depression. Such are the general 
external characters, which may be verified by reference to the various figures on PI. 
XXIII., chiefly devoted to a representation of particles believed to have a cosmic 
origin. Fig. I shows one of these spherules extracted from the powder of a manganese 

1 Proc. Boy. J8oc . Edin. } vol. ix p. 258* 

% Murray and Eeaard, “ On the Microscopic Characters of Yolcanic Ashes and Cosmic Dust, and their Distribution 
in Deep-Sea Deposits/ Pm. Boy. Soc. Edi%. % vol. xii. pp. 474-495. 
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nodule from tie South Pacific, Station 285, 2375 fathoms. This grain is perfectly 
spherical, and is drawn so that the little depression is on the opposite side from the 
observer ; it shows the aspect presented by these granules in reflected light under the 
microscope. The surface with metallic lustre is not perfectly smooth, but appears as if 
scattered with a large number of little asperities or pores. Pig. 4 represents a spherule 
from the same station identical in form and aspect with the preceding* but showing the 
eupule which is seldom absent in these magnetic globules. This cupule, it will be seen, 
is a circular depression attaining sometimes a diameter equal to half of that of the 
spherule, and appears to be -characteristic of these granules; we shall presently 
endeavour to interpret its formation. The spherule represented in fig. 6, from the South 
Pacific, Station 276, 2350 fathoms, is much the same as the two others just described, 
but is interesting, showing, as it does, the manner in which it reposed at the bottom of 
the sea, being surrounded and fixed among little crystals of phillipsite, found in abun- 
dance at the bottom of the sea in certain regions. In some eases, which have not been 
figured* two spherules are coupled together, the one much smaller than the other, 
resembling two drops of molten matter soldered together in solidifying. 

Turning now to their internal structure, the nature of the nucleus furnishes the 
principal characteristic uniting these spherules to the meteorites. The superficial crust 
may be easily detached, by breaking one of the spherules, and is usually found to cover 
a nucleus of a metallic nature, as shown in fig. 8, representing a spherule from the South 
Pacific, Station 285, 2375 fathoms, in which a part of the outer coating of magnetite has 
"beem_iemoved. In this spherule, which resembles in every respect those previously 
referred to, the nucleus is seen with its metallic lustre, grey colour like steel, and slightly 
granular. Oxidation has apparently only taken place at the periphery, where magnetic 
oxide has been formed, while the centre, protected from further oxidation by this coating 
of magnetite, has remained in the state of native iron or alloy of iron. Fig. 5 shows a 
similar spherule from the South Pacific, Station 276, 2350 fathoms, in which the thin 
shell of magnetic iron has likewise been partially removed to show the metallic nucleus. 
This nucleus behaves like iron, being malleable and taking the impress of the pestle ; 
treated under the microscope with an acid solution of sulphate of copper it is at once 
covered by a coating of copper. Fig. 9 represents a nucleus from the same station 
(Station 276), treated in a similar way, showing the coppery coating; it has become 
discoid under the pressure of the pestle and bears its impress. In some cases the nucleus, 
though malleable, does not present this reaction with sulphate of copper solution. Fig. 7 
represents such a nucleus, from the same station (Station 276), which, though treated 
with the copper solution, has retained its original grey steel-like colour. This nucleus, 
unaffected by the copper, may be sehreibersite (Ni 2 Fe 4 P), or an alloy of iron, cobalt, and 
nickel, as in certain meteorites in which the last two metals are present in considerable 
quantities. It is known, in fact, that certain meteoric irons are insensible to the reaction 
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here employed, or it takes place only imperfectly, and this is especially the case where 
the hands are rich in alloys of nickel and cobalt. In some of the spherules we ourselves 
detected traces of cobalt, though the experiments were always more or less doubtful owing 
to the small amount of material at our command, and it must be remarked that the 
manganiferous nodules from whieh the spherules were frequently extracted, or with which 
they were closely associated in the sediments, in nearly all cases- contained cobalt and 
nickel, as may be seen by consulting the analyses in Appendix III. 

Fig. 2 represents a magnetic fragment from the same ; station (Station .276), which 
presents certain peculiarities, and differs from those hitherto noticed.. Its form is irregular, 
or only partially rounded ; its mineral nature is also different, as it has no metallic 
nucleus, With reflected light it appears bluish-hlack, and the surface is less brilliant 
than that of the spherules with metallic centres. The interior of this; fragment presents 
a crystalline structure shown by lines of cleavage and, by rather regular fractures with 
acute angles ; the direction of the fractures, however, is not constant, but varies at 
different points. The fractures, cannot be said to have the same character as the 
cleavages observed in certain meteoric irons. On. the whole, it,., is very questionable if 
this magnetic fragment be of cosmic origin, and it is merely represented here as a doubtful 
specimen. 

Fig. 12 represents the appearance of the magnetic particles extracted hy the mag net 
from a Red Clay in the Central Pacific, Station 274, 2750 fathoms, after being broken 
down in an agate mortar and treated with an acid solution of sulphate of copper. 
It is to be observed that a certain number of the particles have been covered by copper, 
and are believed to be the flattened metallic nuclei of the black spherules which were 
observed in the sample before pounding in the mortar. The black and opaque fragments 
are pieces of the outer coatings of the black spherules, together with irregular fragments 
of magnetite and titanic iron, derived from the volcanic material's present in the deposit. 
While it maybe urged that some of these particles of iron have been derived from 
fragments of eruptive rocks, there seems to be little doubt that those of a circular form 
must have been derived from the black magnetic spherules, and hence are probably of 
cosmic origin. Support is lent to this view from the circumstance that magnetic particles 
from a volcanic tufa from the sea-bottom, in which no spherules are observed, rarely 
contain any of these metallic particles, while they are generally more or less abundant in 
the magnetic particles from a Red Clay in which the black spherules are observed under 
the microscope. 

Finally, it may he pointed out, with reference to these black magnetic spherules, that 
some of them, and especially the smaller specimens, do not contain any metallic nuclei 
whatever, being formed throughout of a material similar to the black coating surrounding 
the metallic centres. Gustav Rose pointed out long ago that at the periphery of meteor- 
ites rich in iron there was a coating of magnetic oxide similar to that present in these 

(deep-sea deposits ohall. esp, — 1891 .) 4:2 
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spherules from the deposits^ It is easy to indicate the origin of this coating if we grant 
the rapidity with which meteorites penetrate the atmosphere. This would determine a 
superficial fusion, and the formation of a coating of magnetic oxide, as in the case of these 
spherules. Their formation may, indeed, he compared to what is observed in the little 
particles of iron that fly away from the anvil under the stroke of the hammer, and are 
transformed in part or entirely into magnetic oxide. The non-oxidised nucleus being 
plaeed under protection by the layer of magnetic iron remains in a metallic condition, 
and in this way we may account for the presence of these unoxidised metafile particles at 
the bottom of the sea. 1 It is the same phenomenon as takes place with iron in industrial 
processes by the coating of Barff, The superficial fusion and oxidation of the external 
coating thus probably took place in the atmosphere at a very high temperature, and on 
account of their small dimensions the particles at once assumed a spherical form. The 
contraction of the superficial crust on cooling would lead to the formation of the cupule. 
Thus the composition of the nucleus, the formation of the black coating and the cupule, 
the form, and, in short, all the peculiarities of these spherules, lead us to regard them as 
cosmic bodies that must be grouped with the holosiderites. 

{K) Brown-coloured Spherules or Chondres. 

If we now turn to the spherules with a cryst allin e structure, there are many reasons 
for believing that they, too, have probably a cosmic origin. It is well known that 
chondres axe more or less spherical concretions, and are characteristic elements of a great 
group of meteorites — the chondrites. Tschermak considers them as drops of matter of 
cosmic origin, in fusion, that have become solidified. Chondritic globules have never, 
moreover, in spite of all the researches that have taken place, been found in eruptive 
rocks, nor, indeed, in any rocks of terrestrial origin. 

The distinguishing characters of these globules of silicates from the deep-sea deposits, 
and their relations to the chondres of meteorites, may now be referred to in detail. In 
the first place, they present profound analogies in external aspect with the chondres of 
meteorites, although, as will he presently pointed out, they differ from them in some of 
their crystallographic details. These brown-coloured spherules are either yellowish or 
brown, with a pronounced bronze lustre. Under the microscope, in reflected light, this 
metallic lustre is seen to be due to a finely lamellated structure ; their surface, in place 
of being smooth as in the black spherules, is seen to be striated. Their diameter 
rarely attains a millimetre, and their mean diameter may he about 0‘5 mm. They are 
not regularly spherical. The cupule, when it exists, is not very deep, but rather 

1 It may be we 11 to recall here that some meteoric irons, e.g., the meteoric iron of Santa-Catarina (Brazil), do not 
oxidise under the action of water; this is the case when the iron contains a relatively large amount of nickel (see 
Boussingault, Oomptes Bendus, tom. Izxxvi. p. 513, 1878). 
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flattened.' They are insoluble in hydrochloric acid, The small quantity of material at 
our disposal did not permit of complete analysis, hut we found them to contain silica, 
magnesia, and iron The external characters show on a small scale so many of the 
peculiarities of the chondres of meteorites, that celebrated experts in meteoric stones 
pronounced them as such without being aware of the source from which they were pro- 
cured. These characters may be best realised by reference to the figures on PI, XXIII. 

Pig. 1 1 represents the external aspect of one of these spherules from a Globigerina 
Ooze, Station 338, 1990 fathoms, South Atlantic. It was procured from the residue 
after treating about two quarts of the deposit with dilute acid. It is about 1 mm. in 
diameter, being magnified twenty-five times in the figure ; it is yellowish brown, hut the 
bronze metallic reflection is not rendered in tbe figure. At the upper part a shallow 
depression or eupule is seen. The internal structure is leaf-like, exeentric, and more or 
less radial, and is seen to consist of the apposition of fine lamellae. It mi ght he said 
that these lamellae take their origin from a centre situated near the left hand side of the. 
spherule. This radial, excentrie, lamellar structure is one of the characteristics of the 
chondres of meteorites ; indeed, this structure has been considered diagnostic of chondritic 
forms of bronzite, for example.. Microscopic examination by means of transmitted light, 
however, only partially confirms this relationship with the chondres of bronzite. The 
small size, as well as the friability, of these spherules, make it impossible to cut them 
into thin sections; we were, therefore, limited in our examination to splinters obtained 
by breaking these little bodies between two glass slides, In consequence, however, of 
their lamellar structure they break into extremely thin plates that are perfectly transparent 
except at those points where there are numerous dark, opaque inclusions, believed to 
be titaniferous magnetite. Under a magnifying power of 200 or 300 diameters, the 
details shown in figs, 10 and 13 can be observed. These thin plates are almost colourless, 
or at most they are slightly brownish, and present two systems of crystalline lamellae. 
Both of these systems are formed by little prisms, grouped in a parallel fashion, which 
on crossing cut each other at angles of about 70 ° and 110°, as represented in fig. 10, 
The small prisms juxtaposed in a parallel manner, and forming what we have called a 
system, all extinguish at the same time ; their colours of polarisation are not very 
pronounced. 

When we published the preliminary results of our researches some years ago, it was 
stated that these prisms always extinguished following their longer axis ; later measure- 
ments, which we consider as quite definite, have shown that this observation was not exact. 
Relying upon the preliminary observation, we believed that they belonged to the rhombic 
system, but by operating upon little detached prisms we have observed that while in the 
great majority of eases the extinction followed their longer axis, in others the little 
prisms are extinguished under a maximum angle of 40°. The lamellae are thus crystallised 
in the monoelinie system. 
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Ekaraiciation in convergent light does' not give precise indications concerning other 
optic phenomena that might "be used for a mote exact determination of the species. 
The blackish brown inclusions' represented in figs. 10 and 18 present vaguely regular 
Contours, recalling crystallites, siich as magnetite, found in eruptive rocks and in 
certain slags, i In fig. 10, where they are seen under a magnifying power of about 
300 diameters, they have a crystalline aspect; in all probability, these inclusions are 
magnetic, more or less titaniferous, iron, and their presence explains why these spherules 
may be extracted from the mud by the aid of a magnet. It will be observed that 
these dark-coloured inclusions are disposed in a parallel manner following the system 
of lamellae, and that they remain constant in this direction, even in thin plates. 
At certain points they are so abundant as to completely veil by their accumulation 
the structure of the mineral with which they are associated, as represented in the upper 
part of fig. 13. This regular arrangement of the inclusions in the interior of the 
lamellae shows an approach to minerals belonging to the group of rhombic pyroxenes. 
It is known that the species of this group richest in iron contain tabular or prismatic 
inclusions of a submetallic and very characteristic aspect. Enstatite, hronzite, and 
even hypersthene, which constitute chondres, are of the -rhombic system, hut we have 
just seen that the mineral constituting these brown spherules belongs to the monoclinic 
system, perhaps, to judge from the extinctions, to a monoelinic pyroxene. Up to the 
present time, it must he added, no chondres have been found with other than rhombic 
pyroxenes, so that there is an important difference between these spherules and the 
chondres, if our determination of the mineral of the spherules as belonging to the 
monoclinie system be correct. There would, however, be nothing astonishing in the 
existence of chondres with monoclinic pyroxene, as this mineral is known to exist, for 
example, in eukrite, and it must he remembered that only a small number of the brown 
spherules found in the deposits were examined for their optical properties. 

The external characters of these spherules, their bronze colour with metallic lustre, 
their excentrie lamellar structure, in a word, all their properties, except the difference 
revealed by optical examination, show profound analogies between these spherules and the 
chondres of meteorites, so that we seem justified in attributing to them a cosmic origin, 
and this opinion is confirmed by their association with the black magnetic spherules and 
their distribution over the floor of the ocean, which will now be referred to in greater 
detail 

(c.) Distribution of Cosmic Spherules in Marine Deposits. 

Magnetic or cosmie spherules were found in greatest abundance in the Red Clays 
of the Central and Southern Pacific ; in short, in the deepest water, at points farthest 
removed from continental masses of land. When the magnetic particles are extracted 
from about a quart of the clay from these regions, it is usual to observe among these 
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between twenty and thirty of the small black spherules, with or without" metallic nuclei, 
and five or six of the brown magnetic spherules with crystalline structure. ' In the same 
deposits in which these spherules occur in greatest abundance, there were always found 
associated with them many manganese nodules, numerous sharks’ teeth, and bones of 
Cetaceans, highly altered volcanic lapilli, and usually crystals of phillipsite. If the 
coatings of manganese, formed around nuclei of sharks’ teeth, volcanic lapilli, fragments 
of eafbones of Cetaceans, or other substances, be separated and reduced to a fine powder 
in a large mortar, and the magnetic particles be then extracted by means of a magnet, 
it will be found that, in addition to crystals of magnetite evidently derived from volcanic 
rockB, there are always a few of the black spherules above described ; but our obser- 
vations have not detected the presence of the chondritic spherules in the manganese 
nodules. ' 

If, however, manganese nodules from a Globigerina Ooze, or any of the shallower 
depths, as, for instance, from Station 3, 1525 fathoms, North Atlantic, and Station 297, 
1775 fathoms, South Pacific, be treated in a similar manner, it is generally impossible 
to detect any of the black magnetic spherules among the magnetic particles extracted 
from the manganese powder. 

Again, if a quart of Globigerina Ooze, Pteropod Ooze, Diatom Ooze, Blue Mud, or 
other terrigenous deposit, be examined in the same way as a Bed Clay or Eadiolarian 
Ooze from the deep region of the Central Pacific, as a general rale no, or at most only 
one or two, magnetic spherules will be observed among the magnetic particles. It is 
evident, however, that the cosmic spherules are not absent from these deposits, for if a 
diligent search be made with the, magnet through a large quantity of the deposit, one or 
two can usually he detected; for instance, the spherule represented in PI. XXIII. fig. 11 
was procured in the residue of a Globigerina Ooze after dissolving away a very large 
quantity of the calcareous matter by dilute acid, and it may be mentioned that no 
spherules were obtained during the examination of a large quantity of the deposit from 
the same station before the removal of the carbonate of lime. 

The general conclusion forced upon us as to the distribution of these magnetic 
spherules in marine deposits, after a careful examination of a large number of samples, 
is that, while they are universally distributed, they are more abundant in regions where 
the accumulation of the deposit is relatively slow, and most abundant where the rate 
of deposition is reduced to a minimum, viz., in the deepest water far removed from 
continental land. 

(d.) Cosmic Dusts in General. 

It will be gathered from what has been said in the preceding paragraphs, that we 
believe ourselves justified in attributing a cosmic origin to some of the magnetic particles 
found in marine deposits, and that we have been led to this interpretation from a careful 
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consideration of the external form, internal structure, and distribution of the magnetic 
spherules which have just been described. This conclusion is further confirmed bj the 
fact that these spherules do not present any analogies with terrestrial bodies which, up 
to the present time, have been found in sedimentary or igneous rocks, while, as stated 
above, they present striking analogies with meteoric bodies, known with certainty to have 
fallen from extra-terrestrial space. 

The question of cosmic dusts has been discussed by Nordenskjold, 1 Daubr4e, 2 * 
Tissandier, 8 and Meunier, 4 and these, together with other scien tifi c men, have presented 
numerous facts in support of the cosmic origin of certain metallic particles or silicates 
collected as atmospheric precipitations. It has been urged, however, with great justice, 
against the extra-terrestrial origin of certain reputed cosmic dusts, that they are con- 
stituted, from a mineralogical point of view, of the same mineral species as those 
forming the rocks appearing at the surface in the neighbourhood of the regions from 
which the dusts were collected. 

"With reference to the particles of magnetic iron very often met with in atmospheric 
precipitations, which have sometimes been considered of cosmic origin, it may be pointed 
out that these, in all probability, have been derived from some telluric source ; especially 
is this the case when they are of irregular form, without a black coating, unaccompanied 
by silicates of a spherical form, and associated, with organic or inorganic products derived 
from our soils. It may also be pointed out that many of these so-called cosmic dusts 
differ widely from each other in their chemical and mineralogical composition, which in 
itself points to a terrestrial rather than an extra-terrestrial origin. 

Although native iron is extremely rare in terrestrial rocks, careful researches have 
shown that native iron, even eobaltiferous or nickeliferous, is present in terrestrial rocks, 
for instance, in the basaltic rocks of Ireland and Iceland. 6 * In this particular case it may 

1 The dust collected in Greenland in 1870 by Nordenskjold, and believed by Mm to be of cosmic origin (Kryokonit), 
lms been examined by von Lasaulx (Min. u. petr. Mittheilungen von TschermaJc., Bd. iii. p. 517, 1881), who came to the 
conclusion that the mineral particles in question -were of telluric origin. The specimens collected by Nordenskjold in 
his second journey in 1883 were examined by WiilBng (Neues lahri. fur Min., etc., Beilageband vii. p. 152, 1890). 
According to Wiilfing the greatest part of the dust is composed of terrestrial minerals and organic matter, but be 
found some rare magnetic spherules, 0-1 to 0'2 mm. in diameter, of an opaque or transparent substance, which is in 
some cases isotropic, and in others birefrangent ; he refers them to chondres. Wiilfing did not find spherules with 
metallic nuclei in the dust lie examined. 

a In a paper jnst published, Daubr6e ( Oomptes Rendus, tom. cxi. andexii., 1890-1891), alluding to the cosmic 
spherules of the deep-sea deposits, expresses the opinion that they may he of volcanic origin, having been formed and 
projected by the gaseous explosions. But, so far as we know, such spherules as those <WriVd are not found in 
volcanic ashes. 

8 G. Tissandier, Oomptes Rendus, tom. lxxxi. p. 576, 1875; tom. Ixxxiii. p. 76, 1876. 

4 In their paper: “ Presence de spherules magnetiques analogues k ceux des poussferes atmospherics, dans des 

roches appartenant h d’anciennes periodes geologiques ” (Oomptes Rendus, tom. lxxxvi. p. 450, 1878), St. Meunier and 

Tissandier describe some magnetic spherules dredged in deposits on the coasts of Tunis and Algeria and of Possession. 

Bay, or contained in strata of Cretaceous, Liassic, and Triassic age, also in rocks of the carboniferous or Devonian, forma- 
tion. But it appears from their description that all the spherules collected in these various conditions seem to be hollow 

spherules with a neck. 5 See Andrews, Brit Ass . Report for 1852, pp. 34 - 35 . - 
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be urged that the native iron described from deep-sea deposits may have been derived 
from the decomposition of the basaltic lapilli or vesicular pumice, which are widely dis- 
tributed over the sea-bed. In reply to this objection it may be pointed out that the 
native iron in eruptive rocks is never circular in form, nor is it surrounded with a 
black magnetic coating, like the spherules from marine deposits. In the reputed co smi c 
dusts found in atmospheric precipitations or collected in snow-fields, there are frequently 
numerous, more or less hollow, spheres, or particles elongated like a bottle, with a 
cracked, brownish, more or less oxidised, surface. These we have found, from a careful 
examination, to be extremely numerous in industrial centres as well as in the scoriae of 
steamships, and when they are broken down in an agate mortar they will sometimes 
yield minute particles of native iron. It is true that these particles are carried far 
and wide by atmospheric currents, and it has been suggested that the spherules of 
the deep sea have been derived from this source, but our examination shows that the 
cosmic spherules of deep-sea deposits are markedly different both in form and structure 
from the products of our furnaces, steam-engines, and materials of combustion. It has 
been stated that the particles of iron on the floor of the ocean may be due to the reduction 
of oxides of iron into metal under the influence of organic substances ; the consideration, 
however, of the form, structure, and distribution of the spherules does not in any way 
warrant this interpretation. 

During the past few years we have examined a large number of atmospheric precipi- 
tations collected from various parts of the world, for instance, from the Ben Nevis 
Observatory, from the coral island of Bermuda, and other isolated situations. In all 
these cases the bulk of the solid materials found in the precipitations was undoubtedly 
of terrestrial origin, and consisted chiefly of minute mineral particles derived from the 
rocks of the district from which the collections were obtained. In one instance from 
Ben Nevis there were two black spherules which approached in character those figured 
on PL XXIII., but they were too minute to admit of any definite opinion being formed, 
and the same was the case with one or two Black spherules and crystalline flakes from the 
collections at Bermuda, which resembled the magnetic spherules and the plates of the 
crystalline spherules allied to the chondres, but here too the evidence was inconclusive. 

If particles of extra-terrestrial origin be continually attracted to the surface of the 
earth, which is in all probability the ease, we should not expect them to fall more 
abundantly at one part of the earth’s surface than at another. In atmospheric precipi- 
tations, and on. the surface of the continents, their recognition would necessarily be 
difficult on account of then small size, the large amount of telluric matter associated 
with them, and the mechanical actions to which they would be subjected. Those, how- 
ever, falling upon the ocean would gradually sink to the bottom, and in those areas of 
the ocean to which little or no detritus from the continents is carried, and in depths from 
which all carbonate of lime organisms are removed, they would, from these very con 
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1 accumulate and form a relatively larger proportion of the deposit than in other 
g ons where the accumulation is more rapid, or where they are submitted to the wear 
and tear of mechanical forces. For all the reasons then that have been set forth in the 
preceding pages, we appear justified in regarding the small black shining spherules with 
metallic nudet as wdl.aa the chondritic spherules, diseovemd in deep‘d ZLTm 
?ztra,terrestnal bodies aUied to meteorites, and in all probability, town off by them 
in their passage through the earth's atmosphere. 



•CHAPTER VI. 

CHEMICAL PRODUCTS FORMED IN SITU ON THE FLOOR OF THE OCEAN. 

The organic remains met with in marine deposits, as well as the mineral particles 
derived directly from the crust of the earth and from extra-terrestrial sources, have been 
fully described in the preceding chapters. We have now to direct attention to some 
other substances in marine deposits, in the formation of which neither physiological nor 
physical phenomena can be said to be directly concerned. In the production of the 
substances to which we shall have to refer in this chapter chemical action plays the 
principal role; these substances indeed owe their origin to the reactions between sea- 
water and the heterogeneous solid materials mating up the bulk of marine deposits. On 
account of the great variety in the composition of the deposits, and the varied conditions 
under which the chemical changes take place, it is evident that the reactions resulting 
in the formation of these secondary substances are of a very complex nature. What 
we here call chemical deposits are produced in situations rendering direct observation 
impossible, and under conditions differing widely from those obtaining where somewhat 
similar products have been formed on terrestrial surfaces. 

It has been recently stated that the chemical action of sea-water is less powerful than 
that of pure water in bringing about the solution and destruction of silicates and other 
minerals . 1 However this may be, it is known as a matter of fact that mineral substances 
are attacked by sea- water,' and in the discussion of this subject it is important to remem- 
ber the influence time may exercise in all changes at the bottom of the sea, as well as 
the immense quantity of the solvent. The chemical products under consideration nearly 
all originate in a sort of broth or ooze, in which the sea- water is but slowly renewed. 
Many of them appear to be formed at the surface of the deposit, — at the line separating 
the ooze from the superincumbent water, where oxidation takes place. In the deeper 
layers of the deposit a reduction of the higher oxides frequently occurs, and at the 
surface of the mud or ooze there are many living animals as well as the dead remains of 
surface plants and animals. It must be admitted that the reactions referred to are 
effected very slowly, although there is evidence that in special localities, and at certain 
periods, some of them may be much accelerated. 

It is not proposed to enter into any general considerations with reference to 
such chemical reactions in sea-water, but in each particular case we will give 

1 Thoulet, “Solubility de divers miueraux dans les eaux; de la mex,” CoTivptes Rendw, tom. cviii. p. 753, 1889. 

(deep-sea. deposits oh all. exp. — 1891.) 43 
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the interpretation that seems the most probable. As a general rule an attempt will be 
made to explain the facts by reference to similar phenomena taking place on the land 
surfaces, or in shallow water, which have been for a long time under the direct observa- 
tion of geologists and chemists. In sea-water- the sulphates are deoxidised by carbon and 
hydrogen, — one of the greatest chemical changes which occurs in the sea ; in fresh water, 
where sulphates are absent or present in small amount, this reaction cannot take place. 
It is probable that the reactions follow a nearly s imil ar order in the shallow waters of 
the ocean and in the abysmal regions, but at the same time the intensity of these 
reactions, and their subsequent results, may be considerably modified ip those deep- 
water deposits where there is a great pressure, an absence of mechanical action and of 
solar rays. . 

The ehemieal products under consideration will be discussed under the following heads ; 
— I. Clay ; II. Manganese Nodules ; III. Zeolites ; IV. Phosphatic and other concretions. 

I. Clay. 

The fundamental basis of all clayey deposits, whether in geological formations or the 
deposits of modern oceans, is the hydrated silicate of alumina — Al 2 0 s ,2Si0 2 ,2H 3 0, 
which is derived from the decomposition of all the aluminous silicates in rock masses 
under the action , of water, and especially of water containing carbonic acid. The silicates 
of potash, soda, lime, protoxides of iron and manganese are thus decomposed at ordinary 
temperatures, and these silicates — the felspars, pyroxenes, amphiboles, for instance — also 
contain more or less alumina and magnesia. The first-mentioned bases — the potash, 
soda, lime, and protoxides of iron and manganese — are transformed into carbonates 
and, dissolving in the water, may be carried away in solution, silica being at the 
same time set free; the silicates of alumina and magnesia, being much less soluble, 
remain behind as a residue, are transformed into hydrated silicates, and give rise 
on the one hand to clay, and on the other to talc. As all the eruptive and meta- 
morphic rocks are composed for the most part of aluminous silicates, they all undergo 
these changes resulting in the production of hydrated silicate of alumina, and it follows 
that these rocks and minerals are the original source of all the clayey material so widely 
distributed in recent and past geological formations. 

Although hydrated silicate of alumina may occur, in nature, in a pure state in the 
form of crystals, they are exceedingly rare. It usually occurs in an amorphous condition 
and mixed with many foreign substances. Even kaolin, which is usually regarded as 
pure clay, always contains more or less debris derived from the rock from which it 
originated. Kaolin, and clays approaching kaolin in composition, have always been 
transported suspended in water from their place of origin, and thus when deposited may, 
in special circumstances, be freed from many of the extraneous particles with which they 
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were originally associated. Such pure clays are, however, relatively rare in nature, and they 
do' not occur as marine, or at all events deep-sea, deposits. The great majority of ordinary 
clays contain a large number of impurities, and especially is this the case with all those 
occurring in the deep-sea regions. These clays are fusible before the blowpipe. ' They are 
coloured brown, yellow, or red by the oxides of iron and manganese, and, as we shall see, 
these oxides may have been derived, as carbonates, from the same rocks as the clayey 
matter, but have subsequently been deposited in the clays on oxidation. 

The clays of marine deposits may, from the point of view of their origin, be divided 
into two varieties : first, those in which the clayey matter has been chiefly transported 
by rivers from continental and other land surfaces, and second, those in which it has 
principally been formed in situ from the decomposition of rocks and minerals scattered 
over the bottom of the ocean. The former corresponds to the clayey matter in all 
terrigenous deposits in close proximity to the land, while the latter corresponds 
generally to the clayey matter in all truly pelagic deposits laid down towards the 
central regions of the great ocean basins, but as we shall presently show there cannot 
be such a strict separation between these two kinds of clay in the deep-sea deposits, 
for the clay transported from land surfaces may contribute in some measure to the 
formation of deposits far from coasts in the oceanic basins. 

It has long been known that nearly all the fine clayey and other matters, transported 
by rivers into the ocean, fall to the bottom at no great distance from the coasts, owing 
to the action of the salts contained in the sea- water. They there form, along with 
mineral particles, the greater part of the detrital matters present in the terrigenous 
deposits of the shallow-water and deep-sea zones. The clay in the Blue and Green Muds 
and other terrigenous deposits near the coasts has thus been transported chiefly from the 
land or from the shallow- water and littoral zones. The minerals and rocks making up 
a part of these deposits may, it is true, yield clay by decomposition in situ , but the 
amount thus formed appears generally to be much less than that transported by the 
action of rivers, tides, waves, and currents. 

Murray and Irvine have shown,' by a series of experiments upon fine clay suspended 
in sea- water of different salinities and temperatures, that while the great bulk of the clay 
is precipitated in brackish water where the salinity only reaches between 1'005 and l'OlO, 
still a small residuum is held in suspension even in water with a high salinity. They 
have also shown that temperature has a marked effect upon the amount held in suspension, 
as well ns upon the rate with which it is thrown down. At a temperature between 
40° and 50° F., and a salinity of 1'027, 0'0064 grm. per litre of clay remained in 
suspension at the end of 24 hours, while, under the same condition as to time, at a 
temperature of 80° F., only 0 - 0033 grm. remained in suspension. Again, at a tem- 
perature between 40° and 50° F., 0‘0018 grm. remained in suspension at the end of 
106 hours, and at a temperature of 80°, only 0‘0003 grm. at the end of 120 hours. By 
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operating upon very large samples of sea- water carefully collected from the central regions 
of the Atlantic, Mediterranean, and Indian Ocean, they have shown that a small quantity 
of mechanically-suspended hydrated silicate of alumina is always present in the water of 
these regions . 1 

If these observations be confirmed by further investigations, it must be admitted that 
a small quantity of clay ean be transported to the central regions of the great ocean 
basins, and, falling to the bottom, may there make up a part of Red Clays and of the 
clayey matter in pelagic deposits. The amount of clay thus transported must, however, 
be very small, for otherwise it would mask the minute fragments of pumice, or the 
organic remains, which there make up so large a part of the deposits. 

In the deep-sea regions far from land the clay on the floor of the ocean appears, for 
the most part, to arise from the decomposition in situ of water-borne pumice and other 
volcanic rocks and minerals, which make up the principal inorganic constituents of the 
deposits of these regions. The vitreous and vesicular nature, as well as the small dimen- 
sions, of these volcanic fragments render them in a special manner liable to disintegration 
and decomposition, with the production of clay ; especially is this the ease with the basic 
volcanic glasses. All the deep-sea clays contain a large number of minute glassy and 
other mineral particles, and hence they fuse readily before the blowpipe into a black 
magnetic bead. The amorphous material observed in these deposits is regarded as the 
argillaceous matter; it presents essentially vague characters, resembles a colloid substance, 
has no definite contours, is perfectly isotropic, is generally colourless, and forms a 
gelatinous-like mass that connects and agglutinates the other materials in the clay or 
mud. With these indefinite physical characters it becomes very difficult to estimate 
even approximately the amount of pure amorphous argillaceous matter in the samples 
of a marine deposit. A very small quantity of this slimy-like matter, however, may 
give a distinctly clayey character to a calcareous or siliceous mud or ooze, especially when 
the mineral particles in the deposit are of small dimensions. 

The clayey matter of marine deposits must then be regarded as a chemical product 
arising from the decomposition of the aluminous silicates composing the crust of the 
earth, exposed to the action of water, either on the dry land or at the bottom of the sea. 
It may be formed m situ on the sea-bottom, and this is especially the case in pelagic 
deposits, or the clayey matter may be transported from the land surfaces and coasts to 
the ocean basins, and this is what especially takes place in terrigenous deposits. The 
amount of clay varies according to the abundance of other substances in deposits, being 
least in calcareous deposits like Coral Muds and Pteropod and Globigerina Oozes, where 
it becomes masked by the accumulation of carbonate of lime, and greatest in Red Clays 

1 Murray and Irvine “ On Silica and the Siliceous Remains of Organisms in Modem Seas,” Proc. Roy. Soc. Edin. 
voL xviii. pp. 229-250, 1891. Further experiments have shown that sea-water with a salinity of 1025, after remaining 
for over thirty days absolutely at rest, holds up in suspension finely-divided clay in amount equal to 625 tons in one 
cubic mile of tbe water (J. M.). 
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and Blue Muds, the carbonate of lime shells being removed from the Bed Clays, and 
masked in the Blue Muds by the abundance of detrital matter. A description of the 
clayey materials in the different varieties of marine deposits has been given in Chapter 
III. when discussing the several types of Pelagic and Terrigenous Deposits. 

II. Manganese Nodules. 

The hydrates of manganese 1 along with ferric hydrate are among the most widely 
distributed bodies in marine deposits, being especially abundant in those of the 
abysmal regions. In the descriptions of the samples of the deposits from the various 
stations of the Challenger Expedition, as well as when referring to the organic remains, 
we have often had occasion to point out the presence of these oxides as colouring matters, 
or as thin or thick coatings on shells, Corals, sharks’ teeth, bones, and fragments of rocks. 
It may be said that manganese in this form exists in all deep-sea deposits, for rarely can 
a large sample of any mud, clay, or ooze be examined with care without traces of the 
oxides of this metal being discovered, either as coatings or minute grains. In some 
regions of the ocean the Challenger discovered ferro-manganic concretions in great 
abundance, the minute grains giving a dark chocolate colour to the deposit, while the 
dredges and trawls yielded immense numbers of more or less circular nodules or botryoidal 
masses of these oxides of large dimensions. 

Mode of Occurrence . — To mention all the regions where manganese was observed 
would take up too much space, but reference will now be made to those stations at which 
it was found in greatest abundance or in some special form. Many of the remarkable and 
characteristic concretionary shapes assumed by the ferro-manganic nodules are represented 
in the Plates at the end of the volume, and these illustrations will be specially referred to 
in the following descriptions, in which the associations of the manganese nodules, and the 
conditions under which they occur, at each locality will be pointed out with considerable 
detail. In these descriptions we shall almost exclusively refer to specimens examined by 
us, forming part of the collections brought home by the Challenger. When large hauls 
of manganese nodules were obtained members of the expedition were, at the time, per- 
mitted to retain specimens for their own use, so that in many instances the nodules, teeth, 
bones, and rocks actually dredged were more numerous than here stated. 


Atlantic Ocean (outward voyage). 

Station 3, 1525 fathoms. — The dredge brought up several large flat pieces of rock, 
consisting for the most part of peroxide of manganese. Some of these fragments were 

1 In this chapter, and other parts of this work, the terms: manganese, hydroxides of manganese, hydrates of 
manganese, peroxide of manganese, black oxide of manganese, are all used for the same black substance, • 
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folly, a foot in diameter, and had a thickness of several inches.. The inferior surfaces were 
irregular ‘and earthy, while the upper surfaces were mammillated and covered with little 
asperities, -as is usually the case with the manganese nodules of the deep sea. The colour 
of the broken, surfaces was black with reddish layers, and when polished they in places 
presented a massive appearance, with a dark lustrous aspeet. The fragments were com- 
posed of successive, more or less concentric, layers, and were evidently tom away from 
very much l ar ger masses or nodules by the action of the dredge ; a small portion of 
one of the fragments is figured in PI. III. fig. 1. 

Along with these manganese fragments were numerous branches of a Gorgonoid Coral 
( PleurocoraMum johmoni ). In some instances the axis of the Coral was attached to the 
manganese nodules ; at the upper right-hand side of PI. III. fig. 1 a portion of the base 
of this Coral is seen to be attached to the nodule. All the Coral was dead, and in some 
instances had a much decayed and corroded appearance, as shown in PL III. fig. 2. The 
whole surface of the branches was coated by a thin rind of peroxide of manganese, 
sometimes about 01 mm. in thickness, which cracked off easily on receiving a smart 
blow. The ayia of the Coral was sometimes 2 cm. in diameter, was generally pure white, 
and took on a high polish ; it still retained a considerable quantity of organic matter, 
and contained 6 per cent, of carbonate of magnesia. In some instances the interior was 
dull white and largely impregnated with manganese following the minute structure of the 
branches, thus producing alternate zones of black and white. A portion of one of the 
smaller branches is represented in PI. III. fig. 3, to which, at the lower part of the 
figure, a valve of Lejaas is seen cemented to the braneh of Coral by means of the man- 
ganese depositions. A large living siliceous Sponge (. Poliopogon aviadou) was attached 
to the branches of this dead Coral, along with other living animals. It is not impossible 
that the Coral may have lived at the depth from which it was dredged, hut if the bottom 
has not sunk the other conditions of the locality appear to have changed since the time 
when the Coral lived, otherwise it is difficult to account for the fact that all the Coral 
obtained here, and at two neighbouring stations, was dead. From the large amount of 
organic matter in the axis of the Coral, it cannot be regarded as fossil, but the carbonate 
of magnesia indicates that it is, at least, very old. 

Station 16, 2435 fathoms. — Three or four manganese nodules, some of them nearly 
an inch in diameter, were obtained in tbe dredge. They are round, with a mammillated 
surface; one of them had a palagonitie nucleus. Fragments of palagonite were also 
present in the deposit at this station, as well as at Station 12, 2025 fathoms. Along 
with the nodules there were two or three sharks’ teeth and valves of Scalpellum thinly 
coated with manganese. - 

Station 61, 2850 fathoms. — In the trawl were a piece of pumice, about 4 cm. in 
length, and several concretionary lumps of tufa, the largest about 7 cm. in length. 
The fragments of tufa are quite unlike the deposit, and have a slight coating of 
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manganese on the surface, to which specimens of Sccdpellum were Attached. . . . The 
fragments are whitish .or yellowish, ellipsoidal, more or less flattened, and divide into 
parallel layers. Some of the layers contain larger fragments of minerals than others* 
hut generally the layers are very fine grained. The mass of the concretions has a soft 
and earthy appearance, can be scratched with the nail, and easily broken .; the fragments 
are more or less argillaceous, and are traversed in many directions by perforations of 
Annelids or Sponges. The surfaces are also frequently furrowed by striae and worm 
tracks. Examined by the microscope with transmitted light, they, are seen to consist 
largely of a great many volcanic minerals cemented by argillaceous matter; among the 
minerals, are plagioclases, fragments of hornblende, magnetic iron, and rarely some 
glauconite-like grains. 

In addition to these concretions were one or two small rounded manganese nodules, 
with concentric layers, and a pale earthy nucleus. , These were not preserved in the 
collection brought home. 

Station 71, 1675 fathoms.— In the trawl were several aggregations of the ooze, 
3 to 4 cm. in diameter, traversed by worm-tubes, which were lined with a deposit of 
manganese. There, was also a fragment of compact volcanic rock, more or less rounded, 
about 7 cm. in longest diameter; it had a slight deposit of manganese over, the whole 
surface, to which a /Serpula-tube was attached. 

Station 85, 1125 fathoms.— There were several large fragments of a dead Gorgonoid 
Coral, coated with manganese, similar in every respect to that described from Station 3, 

also some fragments of volcanic rock, about 1 cm. in diameter, coated with depositions 
of manganese. 

Station 87, 1675 fathoms. — Several pieces of a Gorgonoid Coral, similar to the 

above, were taken in the dredge and sounding tube. 

Station. 131, 2275 fathoms.— The trawl brought up the earbone of a Ziphius, 1 to 
which a polyp was attached, and a piece of pumice, 3 to 4 cm. in diameter, with an 
egg-capsule of a Mollusc attached to it. Both the earbone and pumice were coated with 
manganese. The pumice is rounded, white coloured, very fibrous, and contains magnetite 
and small crystals of hornblende. 


Southern Indian and Antarctic Oceans. 

Station 143, 1900 fathoms. — The phosphatic nodules from this station had a slight 
coating of manganese (see description of phosphatic concretions). 

Station 147, 1600 fathoms. Several basaltic lapilli, covered and cemented by man- 
ganese, were obtained in the trawl. 


1 See Zool Chal]., Exp.,, part ry. p. 39, pi. ii. fig, 10. 
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Station 157, 1950 fathoms. — Among the stones dredged at this station were numerous 
glaciated fragments, the largest weighing over 20 kilogrammes. Some of them were 
only partially imbedded in the Diatom Ooze, the depth to which they were imbedded 
being marked by a sharp line. The portions above the surface of the deposit had a slight 
coating of the black oxide of manganese, and this substance was most abundant just at 
the line marking the separation between the deposit and the superincumbent water. In 
the same deposit some fragments of Hexaetinellid spicules had a rather thick coating of 
manganese peroxide. 1 

Station 160, 2600 fathoms. — The trawl at this station contained about 16 litres of 
manganese nodules, pumice stones, earbones of Cetaceans, and sharks’ teeth. With 
respect to their form the nodules may be arranged into three groups : first, more or less 
pyramidal or irregularly grape-shaped ; second, spheroidal or ellipsoidal ; third, flattened, 
mammillated, and irregular in form. A typical example of the first group is represented, 
natural size, in PI. II. fig. 3. It measures about 5 cm. in longest diameter ; its funda- 
mental form may be compared to a triangular wedge, with a curved surface at the superior 
part. The surface is entirely mammillated, but the rounded rugosities are not very pro- 
nounced, being much softened down, and but slightly projecting, with a diameter of 
5 to 6 mm. Upon one face the mamm i l l ae are much more abundant than on the other. 
Animals are usually attached to the smoother face, and we are inclined to believe that 
this face projected above the surface of the deposit, while the rougher one was imbedded 
in the clay. The figure represents the smoother face of this nodule, and shows more 
or less pronounced reliefs in two directions, following which the fracture usually takes 
place with the greatest facility. The first is parallel to the lateral edges of the wedge 
along the radii ; the second is more or less parallel to the superior surface of the figure, 
and follows a curved direction, answering to the disposition of the layers in the interior 
as represented in fig. 3a, showing a section of a nodule similar to that of fig. 3. The first 
direction answers to the fracture running from the periphery to the inferior point of the 
wedge. This form may indeed be compared to a fragment of a more or less regular 
spherical body, where the fractures had taken place along the radii, thus leaving a 
triangular solid terminated in one aspect by the primitive peripheral face. Fig. 3a 
shows the internal structure of this type of nodule, and it will be observed that parallel to 
the curved superior surface there are alternating zones, sometimes yellowish white, some- 
times black-brown, the last having the character of earthy manganese. These internal 
curved bands follow very regularly the external curved surface, and have a thickness of 
about 2 mm. Notwithstanding their homogeneous appearance, microscopic examination 
shows that the light-coloured bands are traversed by fine arboreseences or dendrites of 
manganese. The existence of these dendrites is- also shown by atta cking the nodule 
with hydrochloric acid, and examining the skeleton with a lens ; a portion of a nodule so 

x . Murray, Scot, Geogr. Mag. y vol„v. p, 427, 1889, 
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treated is represented in fig. 3b. 1 This examination shows likewise that the yellowish 
white matter extends into and across the dark bands. It is also to be noted, as seen in 
fig. 3 a, that these alternate bands are not continued quite to the edge of the section, but 
are surrounded by a black layer in which no alternation of light and dark bands is at once 
visible, although when a surface of the section is demanganesed, alternating bands may 
be distinguished, the lines being very fine. This external black layer, is much more 
compact than the internal portions of the nodule, and follows perfectly the contours of 
the triangular wedge, covering the whole of the periphery. The internal parts are 
much more friable and porous than the external layer, and the separation between them 
is very well marked and rather sharp. Sometimes there is an interruption of continuity 
between the internal concentric alternating layers, which causes this variety to break into 
coatings and peel like an onion more easily than the spherical variety. There is no 
central nucleus in this pyramidal variety, unless the whole interior be regarded as a 
nucleus surrounded by the layers forming the black border. There were some twenty 
or thirty nodules of this variety, but large numbers, although presenting certain analogies 
with these typical forms, are much more irregular. 

Of the nodules which we would designate as grape-shaped, it is impossible to give a 
morphological description. This arises from the fact that the mammillae are superposed 
the one on the other, so as to recall a bunch of grapes, or they may present all the 
irregularities of certain volcanic scoriae. The majority of these irregular forms, however, 
have internal alternating bands, more or less resembling those shown in fig. 3a. The 
peculiarities of this pyramidal and irregular variety of nodules might be explained by 
supposing the central parts with the alternating bands to have once formed parts of a 
larger nodule, which had been broken up along the radii, and these broken fragments 
to have been subsequently surrounded by the deposition of the more compact external 
layers. 

There were about fifteen nodules belonging to the second, spherical or ellipsoidal, 
variety, resembling in form the nodule figured on PL IV. fig. 8 from Station 276. They 
have a diameter of 1 to 5 cm., are much less mammillated than the irregular varieties, 
and consequently preserve their spherical form more or less perfectly. They have a fine 
concentric structure, like that represented in PL IX. fig. 7, showing a section of a nodule 
from Station 252. The zones surround a central nucleus of volcanic glass, palagonite, 
shark’s tooth, or bone ; two palagonite nuclei are shown in PI. XVI. fig. 2 and PL XVII. 
fig. 3. Sometimes, however, there is no apparent nucleus. These nodules are more 
compact, heavier, and break less easily than the preceding variety. Their fractures are, 
however, very well defined, and always follow the rays and concentric layers. They 
take a beautiful metallic polish, and on the polished' surface the fine concentric arrange- 

1 The dendritic arrangement of the manganese is well seen in the thin sections of the nodules under the micro- 
scope, as shown in PL XXVIII. figs. 1, 2, 4, 5. 

(deep-sea deposits ohall. exp. — 1891 .) 
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ment of the nodule is well seen. One of these nodules, about 4 cm. in diameter, had 
attached to it two Aseidians and a Brachiopod (see Fig. 84), so that a portion of the 
nodule probably projected above the mud when at the bottom. 

A great many nodules belonging to the third, flattened, mammillated, or irregular 
variety were present. They vary greatly in size, contour, and internal structure, some 
resembling the first, others the second, varieties above described. Those resembling the 

first variety are mammillated on the exterior, while the 
interior is friable, sometimes mottled, or with ill-defined 
black and whitish bands, but not concentric. Those re- 
sembling the second, variety are less mammillated, are 
generally compact throughout, with fine concentric layers, 
and, when cut in section and rubbed with a chamois 
leather, give a fine black shining submetallic surface. 
Sometimes they have a volcanic fragment, or a fragment 
of bone, for a nucleus, and then the external form of the 
pig. 3i. — Manganese Nodule with two Tuni- nodule resembles closely the shape of the enclosed frag- 

cates {Sly da squamosa and Styel& bythia) - ... , , , - 

and a Bracinopoa attached, station 160 , ment. frequently the nucleus appears to be pseudo- 

2600 fathoms, Southern Indian Ocean. morphosed by manganese, especially when it consisted of 

carbonate or phosphate of lime. Sharks’ teeth and earbones of Cetaceans also give a 
form to the nodules when forming the nuclei. 

Two or three nodules, or fragments of nodules, merit a special reference. They 
appear to be fragments of the spherical variety, and we have every reason to believe that 
the nodules of which they once formed part were broken while yet at the bottom of the 
sea. The structure and angular form, as well as the radial and concentric fractures, of 
one piece, leave no doubt that it once formed part of a large spherical nodule. The 
surfaces of the broken part are covered with fine rugosities, indicating a deposition of 
manganese over the fragment after its separation from the original nodule, and upon 
these same surfaces of fracture two Brachiopods and a Hydroid have subsequently attached 
themselves. Another and smaller fragment, with concentric structure, in which a portion 
of the palagonitic nucleus is still to be observed, is wedge-shaped, and has been formed 
by a fracture following tie direction of the rays of the original nodule. That the nodule 
had been broken while yet at the bottom of the sea is proved by the fact that the fragment 
is entirely surrounded by a new concentric deposit of manganese about 0'5 mm. in 
thickness. This fragment must then be regarded as having been separated from the 
original nodule at the bottom, and to have subsequently become the nucleus of a new 
nodule. 

About twelve of the nodules contained nuclei of basic volcanic glass or of palagonite. 
In some the unaltered glass was surrounded by coloured bands of palagonite or altered 
material, similar to the specimen represented in PI. XIX. fig. 3 from Station 293. In 
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other cases the whole of the glass had been converted into palagonite, and these nuclei, 
when freshly taken from the sea, might be cut with a knife like new cheese. In other 
cases, again, all that remained of the nucleus was a patch of white mutter, soft to the touch, 
easily cut with a knife, and having an argillaceous aspect, resembling some of the 
outer palagonitic zones of other nuclei. Again, in some of the nodules all trace of the 
nucleus seems to have disappeared, but the centre is composed of very compact, black, 
shining, highly-oxidised manganese. This centre recalls, by its form and aspect, a 
fragment of volcanic glass, which, in the first instance, had become transformed into 
palagonitic material, and subsequently a replacement of palagonite by manganese had 
taken place. There is nothing improbable in this supposition, when we remember the 
pseudomorphism of hydroxide of manganese upon calcite, fluorite, pharmacosiderito, &c. 

The Carcharodon and Lamna teeth, as well as their broken fragments, and the 
earbones and other bones of Cetaceans, were sometimes covered with but a slight coating 
of manganese ; at other times they were surrounded by concentric layers of manganese 
fully 1 cm. in thickness. One of the deeply embedded earbones is shown in PL VIII. 
fig. II, which represents in section a tympanic bulla of Mesoplodon (?), The earbono 
determines the external form of the nodule ; the manganese enveloping the bone breaks 
up radially and concentrically, and can be easily detached, the layers presenting all the 
physical and microscopical characters already described. The bone itself is penetrated 
by dendritic ramifications of manganese, and some portions of the substance of the bone 
appear to have been wholly removed. The specimen represented in PL VIII. fig. 10 
resembles the petrous bone of a Globiocephalus. It has but a slight coating of oxides of 
manganese and iron, but in some places it is much penetrated by dendrites of those sub- 
stances. A large compact fragment of bone, about the size of a cricket- ball, appears to 
have been the earbone of a Balaenid or Balsenopterid. The external form of the bone has, 
however, been quite lost ; much of the substance seems to have been removed, and dendritic 
ramifications of manganese penetrate the surface in all directions. The interior is very 
compact, the bluish colour, cherty aspect, and the fracture, recalling what is observed in 
some fossil phosphates ; it has not, however, the hardness of chert, nOr any of its physical 
properties, but merely presents a strong analogy of aspect. The microscopic structure is 
identical with that of recent earbones, but most of the organic matter seems to have 
been removed. 

In many nodules a structure was observed indicating that the nuclei were originally 
portions of bone, which have subsequently been entirely removed, and replaced by 
manganese depositions. 

Among the nodules were over a dozen rounded pieces of pumice, from 0'5 to 2’5 cm. 
in diameter ; some belong to the felspathic, and others to the basic, varieties. While the 
interior of these fragments presented a fresh aspect, the surface to the depth of 1 or 2 mm. 
had undergone profound alteration. At the periphery the pumice is transformed into 
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earthy matter of a yellowish brown colour, mixed with depositions of the oxides of iron 
and manganese. Two ice-borne fragments of granite, covered with manganese, are noted 
as having been obtained at this station, but these have not been preserved in the 
collections. 


Pacific Ocean. 

Station 175, 1850 fathoms. — The trawl brought up a branch of a tree and a large 
number of fragments of pUmice. The pumice fragments vary much in size, the largest 
being 6 to 8 cm. in diameter. They had all undergone considerable alteration, the 
surfaces being covered with hydroxides of iron and manganese. The fragments effer- 
vesced when treated with acid, owing to the presence of Foraminifera shells, the deposit 
having infiltrated in some cases into the pores, as well as the oxides of iron and manganese. 
Most of the fragments may be referred to augite-andesite, while others belong to the basic 
series and have rounded pores. In thin sections under the microscope it can be seen 
that in the external altered zones the manganese has been introduced following exactly 
the contours of the scoriaceous rock. It might be said that a replacement of the 
pumice had taken place, but in a certain sense it is rather an impregnation or mould- 
ing. This structure, however, apparently reappears in many of the manganese nodules 
at other stations, where all trace of the pumice has disappeared, but where, from all 
appearances, the nodules were originally formed around fragments similar to those above 
described. 

Station 176, 1450 fathoms. — The sounding at this station seemed to indicate that 
there was a large amount of manganese in the deposit, associated with numerous fragments 
of pumice. Many of the Foraminifera were covered with minute grains of the peroxide 
of manganese, while others were filled and coated with a red-brown silicate, containing a 
considerable quantity of manganese. 

Station 181, 2440 fathoms j Station 184, 1400 fathoms. — The trawl brought up from 
these stations pumice stones similar to those described from Station 175, although the 
alteration in most cases was not so far advanced. 

Station 213, 2050 fathoms. — There came up in the trawl several hardened pieces of 
mud or clay of a slate colour, in which were embedded pieces of wood. These hardened 
lumps were made up of the same materials as the deposit procured in the sounding tube, 
but were traversed b\- , and in some places coated with, deposits of manganese ; apparently 
the lumps came from a deeper layer than that usually procured in the sounding tube. 
The trawl may have dragged them up along with the remains of a water-logged tree. 

Station 215, 2550 fathoms. The trawl contained several pumice stones coated with 
manganese, all of them less than 4 cm. in diam eter. 

Station 216 a, 2000 fathoms. — A large number of pumice stones, varying from the 
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size of a hen’s egg to that of a marble, was in the trawl. The surfaces of most of these 
were coated with peroxide of manganese, and to the upper portions there were attached 
Brachiopods, Hydroids, and Foraminifera. 

Station 225, 4475 fathoms. — The sounding at this station indicated a considerable 
quantity of manganese, the sample of the deposit containing a very large number of 
grains of the black oxide of manganese, many of them of considerable size. 

Station 226, 2300 fathoms. — There was over a litre of pumice stones in the trawl, all 
coated by layers of manganese. 

Station 227, 2475 fathoms. — The sounding at this station indicated a large quantity of 
manganese. 

Station 230, 2425. fathoms. — More than a dozen rolled pumice fragments, about the 
size of a hen’s egg, covered with deposits of manganese, to one of which was attached a 
small Brachiopod, were collected. 

Station 236a, 420 fathoms. — Several very large hardened pieces of the bottom, per- 
forated by worms, whose tracks were frequently coated with manganese, were in the 
dredge. 

Station 237, 1875 fathoms. — There were several large, very hard and compact, blocks 
of the deposit. Black coatings of manganese lined the- surfaces of the worm-tubes which 
perforated the blocks. Several pieces of pumice had likewise on some portions of their 
surfaces deposits of manganese. 

Station 241, 2300 fathoms. — Large numbers of pumice stones of all sizes, the 
majority covered with deposits of peroxide of manganese, were obtained. Two of 
these are represented in PI. I. figs 7 and 8. Fig. 7 shows an irregular, . white coloured 
fragment of liparitic pumice, the outer parts of which have been transformed into earthy 
matter, while in many of the fissures there are considerable deposits of peroxide of 
manganese, and in some parts concentric zones of manganese may be observed. Fig. 8 
shows a black-brown scoriaceous fragment of basaltic pumice, which has an areolar rather 
than a fibrous structure, and the rounded vesicles are frequently filled with infiltrated 
clay, giving the fragment an oolitic appearance ,* crystals of plagioelase, 4 to 6 mm. in 
diameter, can be observed at the surface by the naked eye,. 

Station 242, 2575 fathoms. — There were several manganese nodules, the largest a 
little over 1 cm, in diameter, with nuclei of pumice. 

Station 244, 2900 fathoms. — -The bag of the trawl contained much clay and many 
pumice stones or manganese nodules, together with two sharks’ teeth. The nodules in 
this instance all consisted of pumice stones, with deposits of manganese on the outside. 

Station 246, 2050 fathoms. — In the trawl were procured several hundred rounded 
fragments of pumice. About forty of the largest had a diameter of about 30 cm., 
a large number about 2 cm., while in the washings of the ooze there were numerous 
fragments down to the minutest dimensions. Most of them were covered with deposits 
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of manganese, and to the outer surfaces were attached Aseidians, Brachiopods, Hy droids, 
and Rhizopods. The appearance of these fragments of pumice is represented in Pl. I. 
figs. 1-4. Pig. 1 shows (one-fourth natural size) a characteristic specimen of the light, 
porous, filamentous variety of liparitic pumice ; the form is rounded or egg-shaped, many 
of the pores and areolar spaces are filled with the deposit, and the whole surface of the 
fragment has undergone a slight alteration into a clayey or earthy substance. A few 
crystals are visible to the naked eye projecting from the surface, and large portions of 
the surface are discoloured by the peroxide of manganese. Fig. 2 represents a rounded 
specimen (natural size) of the same variety as the preceding, to which several deep-sea 
organisms are attached. The surface is coloured brownish or black by the hydrated 
oxides of manganese and iron. Fig. 3 exhibits a similar specimen, with a segment 
removed to show the discoloured altered zone towards the periphery, and the light- 
coloured, less altered, internal parts. Fig. 4 represents .a similar and smaller specimen 
cut in section to show the discoloured altered zone towards the periphery. 

Station 248, 2900 fathoms. — The trawl contained a large . number of manganese 
nodules and many pumice stones, together with a Lamna tooth, 2 cm. in length, and 
many other sharks’ teeth of smaller size. Some of the pumice stones had but a slight 
coating of manganese, while others were surrounded by concentric layers of this substance 
over 9 cm. in thickness. Some of the manganese nodules were 2 to 3 inches in diameter, 
composed almost entirely of dense, black, concentric layers of manganese, surrounding one 
or more small nuclei. PI. II. fig. 1 represents one of the most characteristic, as well as 
one of the most abundant, forms of nodule at this station, about thirty nodules more or 
less resembling this one in shape and in size being procured. The general form is 
round ; the mammillae are not prominent, but run the one into the other without forming 
marked reliefs. Two surfaces of these nodules present a marked difference of aspect ; the 
inferior surface, which we believe to have rested in or on the clay, is represented in the 
figure, and is seen to be covered with an immense number of little rugosities, or rounded 
points, about 1 to 2 mm. in diameter, and the same in height ; these asperities, being 
scattered over the whole of the surface, render the nodule rough to the touch and some- 
what like shagreen in appearance. On the other, or superior, surface of the nodule, which 
appears to have projected above the surface of the clay, the asperities are not nearly so 
numerous, and the mammillae are smoother, larger, and less pronounced than on the 
surface here represented. PI. IX. fig. 4 shows the internal structure of these large 
round nodules, the left half of the figure giving the appearance of a nodule when cut in 
section and polished, the right half showing a similar surface after the manganese has 
been removed by steeping it for some time in strong hydrochloric acid. In both these 
nodules the nuclei may be referred to fragments of pumice which have undergone profound 
alteration. Around these nuclei undulate fine alternating zones of manganese peroxide, 
separated by other lighter coloured zones in which this material is less abundant. These 
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alternating zones give to the nodule a ■well-marked concretionary and shelly structure. 
What would appear to have been the original nucleus of pumice has likewise assumed a 
concentric arrangement. Two processes probably took place : the one a deposition of 
manganese layers on the outside in successive bands, and a simultaneous alteration of the 
nucleus, which likewise produced a concentric arrangement. The external zones of the 
nodule are not so dark coloured as those towards the centre, and the fine, black, undu- 
lating, concretionary lines are less numerous, but the whole face of a nodule like this one 
takes on a beautiful, black, metallic lustre when polished with the hand or with a piece 
of cloth; The demanganesed portion represented in the right half of the figure is of a 
whitish colour, and easily pulverised into an impalpable powder. The dark shaded 
portions in the left-hand figure represent the zones in which the manganese is most 
abundant, and these appear on the right-hand figure as empty spaces on the surface 
treated with concentrated hydrochloric acid. PI. II. fig. 4 represents another of these 
nodules in section (natural size). In this case there are several nuclei, all probably highly 
altered fragments of pumice, surrounded by concentric layers of manganese, and the whole 
cemented into one large nodule. This figure shows again the concretionary and shelly struc- 
ture, the nodule frequently breaking up into successive scales like an onion. PI. II. fig. 2 
represents still another nodule from this station, the central parts of which are occupied 
by a siliceous Sponge (Farrea). Although in some places portions of the skeleton appear 
to have been removed in solution, still on the whole it is very well preserved ; it is every- 
where surrounded by the manganese depositions, and the manganese has even penetrated 
into the canals of the spicules. In the stalk-like portion at the lower part of the figure 
there were numerous Sponge spicules. Fig. 2a represents a magnified portion of the 
Sponge skeleton, which retains its vitreous and brilliant appearance. Among these large 
rounded- nodules there were several tube-like bodies composed of manganese, 4 to 5 cm. 
in length and 1 cm. in diameter, with a hollow centre in which were many spicules of 
siliceous Sponges. PI. I. figs. 5 and 6 represent (natural size) the appearance of a good 
many nodules from this station. The nuclei consist of pumice, much decomposed, espe- 
cially on the surface in contact with the enveloping layers of manganese, which vary from 
a millimetre to several centimetres in thickness. In fig. 5 the pumice at the centre of 
the fragment is white, and retains nearly all its characters, but close to the manganese 
layers decomposition is much more advanced and it assumes a brown colour. When 
examined under the microscope with reflected light, the pores of the pumice are seen to 
be filled with an earthy matter, which forms casts of the little vesicles. They do not 
disaggregate under the action of hydrochloric acid, but simply undergo discoloration ; 
sometimes these granules give a black cross with polarised light, in fact they have a 
great resemblance to certain casts of Foraminifera observed at Station 176, 1450 fathoms, 
South Pacific. In fig. 6 the pumice has undergone greater alteration than in the specimen 
represented in fig. 5, and is surrounded with a thicker deposit of manganese. 
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The nucleus of one nodule broke down into a floury material, which under the micro- 
scope seemed to be composed of a large number of prismatic crystals belonging to the 
monoclinic system. Besides tbe larger nodules to which we have referred, there was a 
considerable number of smaller ones varying from 0*5 to 2 cm. in diameter, almost all 
formed round minute fragments of pumice. Frequently numbers of these were cemented 
together by the manganese, and appeared to be in the process of formation into larger 
nodules. 

Station 252, 2740 fathoms.- — The trawl brought up many hundreds of manganese 
nodules along with some rounded fragments of pumice ; there was no clay mixed with 
these nodules, having apparently been all washed away as the trawl was hauled up 
through the water. The largest nodules were about the size of cricket balls ; they were 
more or less round or ellipsoidal, and when rolled on the deck they looked like a pile of 
dirty potatoes, PI. III. fig. 5 represents (natural size and in section) the prevailing 
form, size, and structure of the nodules from this station. Three zones may be distin- 
guished in the figure : — (a) The elongated yellowish white centre or nucleus penetrated 
by dendrites of manganese ; it is hard and compact, and rather sharply separated from 
the dark layers which surround it. It may be observed that the elongated form of the 
nucleus appears to be the cause of the ellipsoidal form of the nodule, the nearly spherical 
nodules having a round nucleus, (b) The zone of manganese immediately surrounding 
the nucleus has a thickness of about 1 cm., and in it no concentric arrangement fan be 
observed. This intermediate zone is generally terminated externally by a band of more 
compact manganese, separating it in a manner from the more external layers, and appears, 
for many reasons, to have formed part of the original nucleus, which may possibly 
have been a fragment of pumice. There is almost always an interruption of continuity 
between the intermediate and outer zones, accompanied by a layer of light brown clay or 
mud. (c) In the outer zone there -is a distinct concentric structure, determined by small 
alternate layers of manganese and clayey matter ; these layers have each a thickness of 
about 1 mm., and the depth of the whole zone is about 7 mm. The manganese in this 
zone is purer than in the others, and on a polished surface it has a semi-metallic lustre. 
PI. IX. fig. 7 represents a section of one of the round nodules. The manganese has here 
been removed by placing the face of the section in strong cold hydrochloric acid ; in this 
way a clayey skeleton is obtained showing distinctly the structure of the nodule. The 
three zones indicated above may again be observed; the nucleus, however, is small, 
having a diameter of only 2 mm. This is surrounded by an area showing no concentric 
arrangement, then follows the outer zone with concentric layers. Fig. 7a represents a 
portion of the outer zone (c) magnified 25 diameters. The manganese has been removed 
and the empty spaces indicate the positions occupied by the manganese, which had a 
dendritic arrangement throughout the earthy or clayey matter. This clayey skeleton is 
fine grained, and is with difficulty held together. It may be remarked that the outer 
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la 7 ers of the external zone (c), with a distinct concentric arrangement, have a very con- 
stant thickness of about V mm. for the majority of the nodules from this station, while 
the inner zones are variable .in thickness. On the fracture of these nodules by a blow 
they separated into large concentric scales. PL III. fig. 5 represents (natural size) a 
nodule (7 x7x5 cm.) broken to show the nucleus, which in this case is a large Car- 
charodon tooth, about 4 cm. in its greatest length; the tooth is surrounded by concentric 
layers of manganese 1*5 cm. in depth, and the whole nodule has roughly the form of the 
tooth. The tooth is black and shining, and is thoroughly impregnated with manganese ; 
the vaso-dentine has entirely disappeared from the centre, the hard dentine of the outer 
surface alone remaining. There were three or four other nodules with sharks’ teeth 
{Oxyrhma and Lamna) occupying the centres. PI. IV. fig. 1 represents the external 
form and aspect of a typical nodule from this station. The mammillae vary much in 
size and are applied against and pass into each other without any very marked outlines ; 
each mammilla corresponds to a concretionary centre, and, when eut into, these parasitic 
concretions are found to be pieces of more or less altered pumice or small sharks’ teeth. 
Among the nodules were one or two that appear to have been broken while yet at 
the bottom of the ocean, and these fragments have subsequently formed the nuclei of 
other nodules. In some cases small fragments of palagonite are found in the. centres of 
t e no ules. The most frequent nucleus, however, is a hard white or yellowish substance, 
which, when examined in thin slices, is slightly transparent, but does not show any 
special structure to indicate its origin. In the fundamental mass little prismatic bodies 
are seen, but they have no characters which permit them to be referred to any mineral 
species. The fundamental mass appears to he composed of extremely fine grains, and 
sometimes there may be observed among these opaque points of manganese or fragments 
of sharks teeth; between crossed nicols the mass behaves like an isotropic body, only 
some grains show, sporadically, birefrangence. When these nodules are broken down, 
crystals of hornblende, felspar, and magnetite may be extracted from the mass, yet it is 
extremely rare to observe these minerals in the microscopic sections. Among the mag- 
netic particles are also metallic spherules of cosmic origin. Between twenty and thirty 
pieces of pumice were among the manganese nodules ; these were either highly altered 
at the surface or surrounded with a coating of manganese 0'5 cm. in thickness. 

It may he noticed that an analysis of the clay brought up in the sounding tube 
yielded only traces of manganese; the trawl, however, here yielded one of the largest 
hauls of manganese nodules taken during the cruise. It would appear as if the trawl had 
been dragged over a considerable surface of the deposit, the nodules being retained by 
the net while the clay in which they were imbedded was washed away. If this he the 
correct interpretation it is quite possible that the nodules are but sparsely scattered 
throughout the deposit, and that they had segregated nearly all the manganese from the 

clay. The quantity of manganese in the clay in which the nodules were imbedded in 
(dibp-sea deposits ohall. exp. — 1891 .) 45 
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any case was very small compared with the larger indications in the elays at other 
stations where the deposit is of a dark chocolate colour. The surfaces of many of the 
nodules were covered with Rhizopod tubes and the stolons of Hydroids. 

Station 253, 3125 fathoms. — The small dredge, as well as the tow-nets attached to it, 
contained clay and manganese nodules. One of the nodules was of large size, and flat or 
slab-like in form. It measured 31 x 20 x 6 cm. ; a fourth part of this nodule is shown in 
PL IX. fig. 1. There was a great difference in appearance between the upper and lower 
surfaces ; the lower surface, that which rested on the deposit, or was immersed in it, is 
very rough and uneven, consisting of numerous closely-set mammillae ; these mammillae 
are more numerous near the outer edges of the block, and the whole under surface has a 
Scoriaceous aspect. The upper surface, on the other hand, has relatively few mammillae, 
and these are smooth, rounded, and softened, when compared with those of the under 
surface. Small pieces of pumice appear to have fallen on the upper surface of this block, 
and to have been eemented to the upper surface of the nodule by subsequent depositions 
of peroxide of manganese. In the same way a Nodosarian Foraminifer and worm-tubes, 
that lived attached to the upper surface, have become imbedded by the successive additions 
of manganese. Attached at different parts of the surface of this nodule were four living 
specimens of a Hydroid (Stephamscyphus) , a Tubularian, two small Aetinians, a Serpu- 
larian, two Polyzoons, and the whole surface had a reticulated appearance from the 
presence of Rhizopod tubes or the stolons of the Hydroids. An Annelid with a muddy 
tube was attached to the under surface. Tig. la shows a portion of a section of this 
nodule, from which the manganese has been removed to show its structure. The whitish 
coloured irregular nucleus is surmounted by successive layers of manganese 3 to 4 cm. in 
thickness, while beneath this nucleus the layers are only about 1 cm. in thic kness . It will 
be observed that many of the layers above the nucleus terminate rather abruptly towards 
the periphery, which structure seems to suggest that this nodule was once a part of a larger 
mass that had subsequently been fractured and surrounded by the external layers. 
The nucleus is irregular and of an elongated form, and in its centre are hollow spaces 
filled with day ; it is very hard and compact, but can be scratched with a knife. "When 
examined in thin slices this nucleus is yellowish and finely granular, the grains being 
about O'OOl mm. in diameter. The whole mass is streaked with colourless lines, 
resembling in some respects certain microliths ; it is isotropic, some colourless fragments 
being birefrangent ; it did not present eleavages nor crystallographic contours. Two or 
three fragments of felspar and some elongated fragments, which appear to be mica, 
were observed, as well as some prismatic sections of zeolites. The nucleus is penetrated 
by dendrites of manganese in many directions. In all probability this nodule projected 
about an inch above the general level of the deposit when at the bottom of the ocean. 

In addition to this large nodule was another with a diameter of 8 to & cm., re- 
sembling in many respects the nodules dredged at Station 252. The mammillae .are,; 
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however, more separated, and the surface has a more rugged appearance. The nucleus of 
this mass had probably originally been a fragment of pumice. The dredge and tow- 
nets contained about twenty fragments of pumiee, all rounded, and from 0'5 to 2 cm. 
in diameter. Their surfaces were coated with manganese, and in some instances the 
fragments were cemented together by the manganese. 

Station 254, 3025 fathoms. — One manganese nodule, about inches in diameter* 
was procured in the water-bottle, and in the sample of the deposit from the sounding 
tube there were numerous blaek grains of manganese. 

Station 256, 2950 fathoms. — A few manganese nodules, sharks’ teeth, and pumice 
fragments were obtained in the clay from the dredge. In some instances the sharks’ 
teeth had hut a slight coating of manganese, and in others they were surrounded by con- 
centric layers nearly 1 cm. in thickness. One nodule had a nucleus of hone, but most of 
the others had apparently formed around pumice. 

Station 258, 2775 fathoms. — Two small nodules came up, adhering with some clay to 
the under surface of the water-bottle, and in the specimen of clay obtained by the sound- 
ing tube were a good many manganese particles. 

Station 264, 3000 fathoms. — The trawl brought up seven or eight small manganese 
nodules and hardened pieces of the deposit, frequently traversed in every direction by 
worm-tubes and coated with manganese. One or two of the nodules had palagonitie 
nuclei 

Station 265, 2900 fathoms. — The dredge and tow-nets brought up a large quantity 
of Eadiolarian Ooze of a dark colour. Almost the whole of this ooze passed through the 
finest sieves, but in the siftings were several pieces of pumice, and one small manganese 
nodule about 2 cm. in diameter. The nodule had a rugged exterior ; the nucleus con- 
sisted of a yellowish homogeneous substance, penetrated in all directions by dendrites of 
manganese. Under the microscope this nucleus appeared finely granular, and contained 
many Eadiolarian skeletons, but no crystalline particles were observed. This nucleus 
was probably an agglomerated portion of the deposit. 

Station 272, 2600 fathoms. — The trawl and attached tow-nets brought up some 
Eadiolarian Ooze, in which was a small piece of basic pumice, and two or three small 
manganese nodules ; in some of the nodules the nuclei were composed of pumice, while 
in others no nucleus could be recognised. 

Station 274, 2750 fathoms. — The trawl and attached tow-nets brought up a quantity 
of chocolate-coloured ooze, and over a peck (9 litres) of manganese nodules, earbones of 
Cetaceans, sharks’ teeth, and pumice fragments. The manganese nodules were oval, 
flattened, or somewhat kidney-shaped, the largest specimens measuring 10x7x4 cm. 
PI. IV. fig. 2 represents a typical specimen ; there were about one hundred more or less 
resembling this one in form and appearance. These nodules are heavier and more massive 
than the generality of those procured at other stations, and they have almost all the same 
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Bltape and internal structure. Some of the nodules appear to have been broken in situ, 
and a deposit of manganese to have subsequently taken place around the pieces of the 
original nodules. The superior surfaee is smoother than the inferior, as is usually the 
case, These nodules with a blow break up more easily following the radii than following 
the concentric layers of which they are composed. Plate IX. figs. 5 and 6 represent 
transverse sections, and show the peculiarities of internal structure. The nucleus 
is, as a rule, small and not sharply marked off from the concentric manganese zones ; 
in some cases it is impossible to find any trace of a nucleus. In fig. 5 the face of the 
section has been polished, and when the black shining surface is closely examined, it 
is seen to be made up of undulating lines or zones superposed the one upon the other. 
Hundreds of these fine wavy lines succeed each other without any apparent interposition, 
and they are much more numerous than shown in the figure. The nodules at this station 
are therefore much more compact than is generally the case, from the hydrates being 
less mix ed with extraneous substances. The polished surface has a metallic mir ror-like 
lustre. Fig. 6 shows the face of one of these nodules in which the manganese has been 
removed by strong hydrochloric acid ; the clayey skeleton that remains in this case is 
so scanty that it does not hold together, in which respect it differs considerably from 
the specimen shown in figs. 7 and 7 co on the same plate, representing the clayey skeleton 
of a nodule from another station. PI. IX. fig. 2 exhibits another nodule from this station 
that has been formed around a large triangular tooth of Oavcharodon , there being in fact 
three centres of concretion, one at each corner of the triangle. Each of these has aug- 
mented by successive depositions, and they have united to form a single nodule. The 
figure represents the under surface of the nodule, which is rough from the presence of 
small mammillae, especially at the borders. PI. IX. fig. 10 shows a portion of one of the 
nodules from this station in which the manganese has been removed by hydrochloric 
acid ; several tubes of Rhizopods appear between two successive layers of the nodule. 
PI. VI. figs, 8, 11, and 16, represent sharks’ teeth from this station, and PI. VIII. figs. 4, 
5, 12, and 13, earbones of Cetaceans. Other teeth and bones were much more 
thickly covered with layers of manganese and iron hydrates. When the manganese 
nodules are reduced to powder, and the magnetic particles extracted by means of a 
magnet, these are found to consist of magnetite and small black cosmic spherules with 
nuclei of metallic iron. The appearance of these fragments is represented in PI. YYTTT 
%• sfter they have been pounded in an agate mortar and treated with an acid solu- 
tion of sulphate of copper. The nodules also contain fragments of siliceous organisms, 
zeolitic crystals, fragments of felspar and other minerals, similar to those found in the 
ooze itself. 

Station 275, 2610 fathoms. — The sounding tube brought up over half a litre of the 
darkest chocolate-coloured clay procured during the cruise ; the colour was due to small 
pellets of manganese and minute grains of the same substance, the centres of which 
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appeared black and opaque under the microscope, and the margins red. The deposit con- 
tained no carbonate of lime, but enormous numbers of crystals of phillipsite, either simple, 
twinned, or aggregated into spherules, were present. Some of these had a coating of 
manganese. A few Radiolaria were observed, hut their rarity was in striking contrast with 
the extraordinary abundance of these organisms at the previous station to the northward 
(Station 274). 

Station 276, 2350 fathoms. — The sounding tube had sunk about a foot into the 
deposit, and the specimen consisted of two layers, the deeper one being darker coloured 
and containing less carbonate of lime than the upper. The trawl contained some Red 
Clay along with five or six bushels 1 of manganese nodules, sharks’ teeth, earbones of 
Cetaceans, pumice stones, and volcanic lapilli. The nodules were on the whole of small 
size when compared with those taken at other stations, their mean diameter being between 
2 and 3 cm. PI. IV. fig. 8 represents one of these nodules (natural size) ; it is spherical, 
with a scaly surface, and exhibits the general form and aspect of the spherical nodules 
from this station, although many of them are much smaller, while a few are a little larger. 
PL IV, fig. 7 represents a similar nodule in section. It is seen to consist of three zones : 
an external thin layer, which corresponds to the scales that can be removed from the 
outside of the nodules, and is about 1 to 2 mm. in thickness. The median zone is more 
massive ; upon a polished surface no pronounced concentric structure can be seen, but the 
compactness of the manganese diminishes towards the centre, which is occupied by a 
yellowish earthy nucleus, originally a piece of pumice in all probability. PI. IV. fig. 6 
shows the upper surface of an irregular form of nodule, several of which were obtained at 
this station. They present a scoriaceous aspect, and are sometimes perforated by holes, 
the contours being rounded. The interior is formed by a great number of little earthy 
concretions, or by a palagonitie tufa. PI. IX. fig. 8 shows another spherical nodule, 
from which the manganese has been removed. The external zone retains its normal 
concentric structure ; the intermediate zone does not show any concentric arrangement, 
but presents a peculiar spongy structure. The nucleus is a fragment of basic volcanic 
rock. 

The nuclei of the nodules from this station consisted of lapilli belonging to the 
basaltie series of rocks, of pumice, of aggregations of the deposit, of palagonitie frag- 
ments, of sharks’ teeth, of otohths of fish, of the earbones and other bones of Cetaceans. 
An unaltered fragment of volcanic glass, forming the nucleus of one of the nodules, is 
shown in PI. XVI. fig. 1. Nuclei of palagonitie lapilli are represented in PI. XVIII. 
figs. 2, 3, and 4, along with the zeolitic crystals which surround and fill the pores. 
Other palagonitie lapilli from this station are represented in PI. XIX, figs. 1, 2, and 4. 
PI. XXI. fig. 1 represents the palagonitie tufa forming the nucleus of one of the flattened 
nodules. The four figures on PI. XXII. represent crystals of phillipsite, isolated and in 

1 About 200 litres. 



